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ABSTRACT 
The Lameta Formation of Upper Cretaceous is well-exposed 
in the Jabalpur area of Madhya Pradesh, which represents the 
eastern part of the Narmada rift basin. 
The present work aims to reconstruct the provenance, 
tectonic setting and the dcpositional enviror.ment of the Lameta 
Formation through detailed field and petrographic study. 
Seven well-exposed litho-sections wers measured from 
different localities of the Lameta Formation. Petrographic study 
included analysis of texture, detrital mineralogy, diagenesis and 
microfacies. 
The textural attributes sucli as size, roundness, sphericity 
and their interrelationship, and textural maturity of the sandstones 
were studied with a view to interpreting the provenance and 
estimating the influence of texture on detrital modes and 
petrofacies. The sandstones are generally fine to medium-grained, 
moderately sorted to moderately well sorted, and near symmetrical 
to coarse skewed. The detrital particles are generally sub-angular 
to sub-rounded and of low sphericity. Texturally the sandstones 
are in general immature to submature showing bimodality. The 
interrelationship between various textural parameters appears to be 
normal, thereby, suggesting that the original texture of the 
sediments and by implication, original detrital modes are largely 
preserved and have not been affected by diagenetic process. 
The sandstones are compositionally supermature 
quartzarenite with very high amount of quartz (average 98.23%), 
followed by feldspar, mica, and rock fragments. A critical study of 
the factors of paleoclimate and distance of transportation has been 
carried out. The paleogeographic reconstruction of the Narmada 
basin in combination with detrital mineralogy suggests that they 
were derived from metasedimentary rocks and granite-gneisses of 
Mahakoshal Group located in the northeast or east of the basin. 
Sediments liberated from their source probably have 
undergone transportation for a distance of few hundred kilometers. 
The insufficient sorting and roundness of sediments as well as 
presence of rock fragments suggest that transportation was not an 
effective factor in the modification of sandstone mineralogy. 
During Cretaceous the study area was located under warm-
humid climatic belt. The rocks of the provenance must have 
undergone vigorous weathering under humid tropical condition 
resulting in destruction of the labile constituents and produce 
quartz rich sediments which were deposited in delta distributary 
channels, coastal areas by flood tidal currents as well as locally in 
estuaries and embayment. 
The average percentages of detrital modes of the sandstones 
plotted on standard Qt-F-L. Qm-F-Lt, in Qm-P-K and Qp-Lv-Ls 
diagrams of Dickinson's (1985) suggest a continental block 
provenance with source on stable craton, which supplied the 
detritus to the Narmada rift. It was deeply weathered because of 
the warm and humid climate and long residence time of sediments 
in soil, and quartz rich sediments were deposited into the Narmada 
Hft. 
The sandstones are cemented with silica, iron-oxide, 
chalcedony and carbonate cement which are clearly 
distinguishable from detrital components and the former have not 
modified the latter except in some patches. 
The abundance of point and long contacts of grains in the 
sandstones indicate that the sandstones have suffered little 
compaction and their original texture and packing are largely 
preserved. Minus-cement porosity of the sandstones of different 
localities plotted on standard burial depth versus minus cement 
porosity graph suggests the depth of burial range from 1000m to 
160Gm. Diagenetic processes such as dissolution, replacement, etc. 
have brought about little modification of the original detrital 
constituents. 
Microfacies analysis of the limestones of Lameta Formation 
was carried out in order to interpret their depositional 
environment. The study indicates that both the limestone units 
represent algal boundstones. On the basis of above, it could be 
inferred that these limestones were formed under varying 
hydrodynamic conditions of shallow marine environment, 
represented by inter-tidal and sub-tidal conditions. 
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Chapter-I 
mroduetion 
INTRODUCTION 
Cretaceous is the longest period of the Mesozoic Era 
spanning about 77Ma (Gradstein and Ogg, 1996). This period is 
represented by well-developed geological record both in the 
Peninsular Shield as well as in the Extra Peninsular region of the 
Indian subcontinent. 
The Peninsular Shield is a triangular plateau, nearly 
peneplain composed largely of Precambrian metamorphics to the 
south of the Vindhyan range. It has been a rigid landmass since the 
Cambrian period and except for occasional block faulting, has not 
experienced any major earth movement. The Cretaceous 
sedimentary strata occur in (he Narmada basin which form the 
western part of the shield. 
The Narmada basin is rectilinear in shape, about llOOkm 
long, formed by rifting during Early Cretaceous period along ENE-
WSW Satpura orogenic trend of Precambrian age (Biswas, 1987). 
There was widespread tectonic activity, which resulted in the 
major transgressions and regressions of sea. This was followed by 
extrusion of extensive lava flows, forming Deccan Traps, which 
covered the whole basin during the la te Cretaceous. The rocks of 
this period are now represented by discontinuous patches of 
sedimentary strata. 
The Jabalpur area of Madhya Pradesh constitutes the eastern 
part of the Cretaceous sedimentary basin, represented by the 
Lameta Formation of Maastrichtian age (Dogra et al., 1988; Sahni 
and Bajpai, 1988). 
LOCATION OF THE STUDY AREA 
The Lameta Formation crop out as isolated patches, along 
the Narmada rift basin in the Jabalpur city (latitude 23''lO'N and 
longitude 8 0 ' ' E ) and area around it in the state of Madhya Pradesh. 
The city derives its name from the Arabic word "Jabal" meaning a 
"hill" or "mountain". The city enjoys a typical tropical climate 
with distinct summer, rainy and winter seasons. The summers are 
hot and winters arc cold with mean maximum and minimum 
temperatures of about 43 C and 1 1 C. respectively. 
Situated on the Bombaj-Allahabad route of Central railway, 
.labalpur, is easily accessible by rail and by road from all the 
major cities of India. Both private and government transport is 
available for communication. 
Some excellent exposures of Lameta Formation can be found 
within a radius of about 50km from the .labalpur city, along the 
hills and as well as the banks of the Narmada River. Samples were 
collected from various locations and different horizons in and 
around the area. 
GEOLOGICAL SETTING AND STRATIGRAPHY 
The Cretaceous strata of the .labalpur area, represented by 
the Lameta Formation, attains a maximum thickness of about 40m 
(Tandon and Andrews, 2001). Their origin is widely debated, 
ranging from fluvial to marine (Singh, 1981; Singh et al. 1983; 
Brookfield and Sahni, 1987; Tandon and Andrews, 2001). They 
rest unconformably over the basement of Precambrian rocks in the 
western part and on the Jabalpur Group (Mid-Jurassic to Early 
Cretaceous) in the eastern part of the area and in turn, overlain 
conformably by the Deccan Trap lava flows of the Late Cretaceous 
(Figure 1). 
The basement Precambrain rocks consist of porphyritic 
granite-gneiss and quartz-muscovite schist. The age relationship 
between the schist and the granite-gneiss could not be clearly 
established in the field. The schists show foliations with attitude 
60^-15^ towards east. 
The unconformity between the Jabalpur Group and the 
Precambrian basement is marked with a well-developed 
conglomerate band. The lower most part of the Jabalpur Group is 
composed of soft yellow to brown or white sandstone, passing 
upward into fine clays and soft argillaceous and sandy shales, with 
a subordinate seam of white sandstone. A coal seam has also been 
recorded at a depth of about 11m from the Old Jail compound of 
Jabalpur (Medlicott. 1873). The Jabalpur Group yields typical 
Upper Gondwana plant fossils- Coniopteris, Cladophlebis, 
Nilssonia, Ptilophyl/um, etc., placing it in the Mid-Jurassic to 
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Figure 1 Geological map of Jabalpur area, Madhya Pradesh, India 
Early Cretaceous (Bose and Sukhdev, 1959; Bose, 1960; Pasco, 
1960; Bharadwaj et al., 1972). 
The Lameta Formation lies unconformably over the Jabalpur 
Group. The lower-most part of the former is friable, green to 
white, medium-to coarse-grained, pebbly, trough cross-stratified 
sandstone. This sandstone is overlain by light grey, cream or 
bluish concretionary limestone, usually, containing sandy material. 
The red, green and mottled sandy and clayey bed lies over the 
limestone. These are overlain by buff and brown calcareous 
sandstones. Fossils of dinosaurs have also been reported from the 
Lameta Formation (Huene and Matley, 1933; Robinson, 1967; 
Chatterjee, 1978). 
The Deccan lava flows that cover the Lameta Formation 
comprise black to very dark coloured tholeiitic basalts. A large 
number of successive flows of varying thickness have been 
recorded, often, with a thin la>cr of sedimentary deposit, the 
intertrappeans, between them. They have been dated as 66 Ma on 
the basis of ""'Ar-'^Ar dating (Courtillot et al., 1988; Venkatesan 
et al., 1993). 
The stratigraphy by Matley (1921) for the Lameta Formation 
of .Jabalpur area has subsequently been modified by several 
workers (Chanda and Bhaltacharya. 1966; Singh and Srivastava, 
1981; Tandon et al., 1995). The stratigraphic succession 
establ ished by this study has been compared with that of Tandon et 
al. (1995) , (Table 1). 
Table 1 Stratigraphy of Lameta Formation of Jabalpur area. 
Tandon et al. (1995) Present (revised nomenclature) 
Late Cretaceous Deccaii flows Volcanic rocks with thin 
(Maastrichtian) Intertrappean sediments sedimentary successions as 
Deccan flows intertrappean beds. 
Lameta Beds Lameta Formation 
Upper calcified sandstone Upper calcified sandstone 
Mottled nodular bed Mottled Nodular bed 
Lower limestone Lower limestone 
Green sandstone ^ , . 
Green sandstone 
Unconformity 
Jaba lpur Group Jaba lpu r Group 
(Channel sandstone: over White clays 
band thin white to brown Sandstone 
sandstones, fire cla>s) Conglomerate 
Unconformity 
Mahakoslial Group Precambrian 
(Meta-sedimentarv Basement 
sequence. complexK 
dclomied) Gran He 
basement 
Mid-Jurassic to Early 
Cretaceous 
Precambrian 
PREVIOUS WORK 
The Lameta Formation derives its name lYom Lameta Ghat, 
on the right bank of the Narmada River, southwest of the Jabalpur 
city (J.G. Medlicott , 1860). The area was first s tudied by H.B. 
Medlicott (1872) and subsequently by Matley (1921) who mapped 
the area and established that the Lameta Formation lay 
conformably over the Jabalpur Clays. They were deposited within 
a short span of time after the deposition of the clays, as is 
indicated by the absence of conglomerate or mud clasts between 
them. The presence of the remains of dinosaur along with those of 
the freshwater mollusks indicates a freshwater fluvial environment 
of deposition (Matley. 1921). Sahni and Mehrotra (1974) also held 
similar views for most part of the Lameta Formation. 
Chanda (1963. a.b: 1965. 1967) and Chanda and 
Bhattacharya (1966). howc\cr. suggested an unconformity between 
the .Tabalpur Group and the Lameta Formations based on 
petrographic evidence. The evidence include presence in Lameta 
Formation of some quartz grains with worn boundaries and 
inclusions of iron oxide, direct!} traceable to Jabalpur sandstones. 
They indicated marine origin for the Lameta Formation based on 
the maturity of terrigenous clastic material, the presence of 
glauconitic green sandstones and the algal texture in carbonate 
units. According to them, the sandstones show mineralogical 
uniformity with some qualitati\c and quantitative variations of 
cements. Texturally the sandstones arc mature to submature and 
well rounded. 
Kumar and Tandon (1977. 1978 and 1979) suggested marine 
environment of deposition for the Lameta Formation on the basis 
of the presence of extensive crab-burrows and arenaceous 
foramenifera, Jaculella sp., Psammophera sp. and Saccammina sp. 
in the sediments. 
Singh (1981) considers that Green Sandstone, the lowest 
member of the Lameta Formation, was deposited in an estuarine 
channel with a rather strong current mostly in subtidal position. 
Singh et al. (1983) further reported Thallasinoides type burrows 
and bipolar current in Green sandstones which suggests tidally 
influenced marine environment of deposition. 
Brookfield and Sahni (1987) rebutted the view of their 
marine origin, suggesting an alternative interpretation to explain 
the various observations. According to them, maturity of the 
sediments could be explained due to weathering, the glauconite as 
smectite or ferric illite, the algal structures as pedogenic carbonate 
structure in calcareous paleosols and calcrete, and the "crab-
burrows' as pedogenic calcrete nodules and associated rootlet 
horizons. They considered the Lameta Formation as semiarid and 
piedmont deposits, modified extensively during and after 
deposition by pedogenic process. 
Tandon et al. (1990) interpreted Green Sandstone as fluvial 
deposits and Lower Limestones and Mottled Nodular Bed as 
pedogenically modified from plaustrine mudflat. Based on an 
unpublished work of Kohli (1990), Tandon et al. (1995) 
reinterpreted glauconite as green clays, made up of 
montmorillonite, celadonite and kaolinite. 
Andrews et al. (1995) analysed ten samples from Mottled 
Nodular Bed for 6 ' 'C . Their Pee Dee Bilemnite (PDB) values 
ranged from -9.83 to -12.04"/oo with a mean at -10.64°/oo. 
Presuming the samples to represent Late Cretaceous paleosols and 
that the Maastrichtian atmosphere was unlikely to contain more 
than ISOOppm by volume of carbondioxide, they concluded that 
the global climate cooled towards the end of the Cretaceous. 
Tandon and Andrews (2001) analysed a large number of 
samples from different horizons of the Lameta Formation of 
Jabalpur area for 5 C and 5 O. According to them low values for 
5'^C indicated a strong input of carbon from the decay of 
terrestrial land plants. The 8"*0 values varied from -5 to -10°/oo 
(PDB), consistent with the precipitation from meteoric water, 
some of which was evaporatively modified in pools on the 
alluvium or palustrine flat. 
Ghosh et al. (1995) also analysed the carbonates of Lameta 
i n I "I I T 
Formation for 5 O and 6 "T. Their 5 "C values ranged from -7.1 
to -10.7"/oo (PDB), suggesting pedogenesis in soils dominated by 
Cj, type vegetation, and their 5'"'0 values ranged from -6.7 to -
8.9°/oo (PDB), suggestive of an average for meteoric water at -8°/oo 
(PDB) during their formation. This value is lower than that for the 
present day meteoric water of Central India which is 3Voo (PDB). 
They explained this in terms of highly seasonal (monsoon like) 
climatic regime in the rain shadow zone and a more pronounced 
continental effect due to bigger size of India. 
Diverse freshwater and terrestrial fossils have been reported 
from the Lameta Formation. Huene and Matley (1933) had 
described Tatanosaurus indicus, Antarctosaurus, Septentrionalis 
from the sauropod bed at the base of the lower Limestone and 
Loevisuchus, Coeluroides and from the Carnosaur bed lying above 
it. They considered the age of the Lameta Formation to be 
Turonian on the basis of Coelurosaurs, Megalosaurs, Titamosaurs 
and an Ankylosaurs fauna. 
Robinson (1967) noted that the Lameta Formation comprise 
two distinct levels with well preserved dionsour fossils. The lower 
level rich in sauropods and upper level rich in carnosaurs. She 
suggested Turonian age for the carnosaur level but Santonian age 
for the sauropod level or even later as the three sauropod genera of 
the Lametas were also found in the Maastrichtian of Patagonia. 
Chatterjee (1978) described in detail Indosuchus raplorius 
and outlined similarities with Tyranosaurs but placed it at the base 
of their phylogeny. In the evaluation of the Tyrannosauridae the 
primitive grade is represented b} Indosuchus. Chatterjee also 
considered Indosuchus matleyi as Megalolosaur. According to 
him, fragmentary remains of Titanosaur similar to Lameta fauna, 
were known elsewhere in the Anyalur stage of Tiruchirappalli 
(formerly Trichinopoly), South India The Ariyalur stage contains 
good marine index fossils such as Lepiorbitoides and Siderolites 
indicating Maastnchtian age. Thus the correlation of the Lameta 
Formation and the Ariyalur stage adds strength to the assignment 
of Maastrichtian age as the upper limit for the Formation. Hence, 
the presence of T\i annosaurs provide a better basis for 
determining the age of the lower third of the Lameta Formation, at 
least younger than Turonian. as Tviannosaurs are known to occur 
in the highest cretaceous The lower limit may extend down to 
Santonian as the Megalosaur is highly advanced and the 
Tyranosaur is highly primitive 
Dogra et al (1994) reported a rich assemblage of 
phytoplankton and other palynomorphs including Deflandera sp , 
Dinogymnium sp . Gon^aulac^ sta sp . Palmidites, Liliacidites, 
Proxapertites and Aquilapollcniles iiom Green Sandstone They 
have reported paKnological assemblage from the uppermost 
sandstone member which include Proxampertites crassimurus 
Polyadopollenites inesoziocus Lamaetaea indica. Palmidites. 
Palmaepollenites, Deflandiea sp . Dinogymnium sp and 
Gonyaulacysta sp. According to them, Lameta palynoflora is 
characterised by typical Maastrichtian palynomorphs. This 
compares closely with the Upper Cretaceous palynological 
assemblages described from Bengal basin, Meghalaya, Kutch and 
Cauvery basin. Courtillot et al. (1986, See Dogra et al., 1994) 
have reported a tooth of a marine fish Iqdabatis from the Lameta 
Formation. 
The Lameta Formation yield fossils of gastropods Physa 
prinsepii, Bianorbis, Paludina hislopi and Vivipara normalis, 
ostracod fauna Candona, Paracypretta, Cyprois, Metacyprois and 
charophytes Microchara, Pockichara (Sahni and Mehrotra, 1974). 
Sahni (1984) recorded scales of Phoreodus (an osteoglossid 
fish), fragmentary frog ilia and possible hypsilodontid teeth. 
The assigning of Maastrichtian age to the Lameta Formation 
agrees with the '*"Ar-"'^ Ar ages of about 66 Ma for the Deccan 
Traps (Courtillot et al., 1988; Venkatesan et al., 1993). 
PURPOSE OF STUDY 
The present work aims to study in detail the lithofacies, 
texture, detrital mineralogy, diagenesis and microfacies of the 
Lameta Formation. It is further aimed to interpret the provenance, 
plate tectonic setting and the depositional environment of the 
Lameta Formation. 
During fieldwork special attention was paid to study the 
nature of sedimentary structures like cross-bedding, laminations, 
etc. Samples of sandstone and limestone were processed and 
analysed in the laboratory. Lithosections were prepared on the 
basis of the field data and lithofacies identified. 
Thin sections of the sandstone and limestone samples were 
made and used for the petrographic study. The textural attributes 
of the sandstones, such as, size, roundness and sphericity were 
studied with a view to interpreting the provenance and estimating 
the influence of texture on the detrital modes and petrofacies. 
Bivariant plots were made to find out the interrelationship of 
various textural attributes. Statistical parameters of grain size 
were computed with the help of cumulative frequency curves and 
the methods after Folk (1980). 
Detrital mineralogy of the sandstones, including light and 
heavy mineral fractions, were studied for the purpose of 
petrographic classification of the sandstones and interpretation of 
their provenance. Classification schemes of Folk (1980) based on 
composition of detrital constituents and that of Dickinson (1985) 
based on the tectonic setting of the provenance, were used. 
The factors of climate and transport which influence the 
framework composition of sandstones were studied to evaluate 
their effects on the detrital modes of sandstones. 
13 
The diagenetic process of sandstones were taken into 
account to check the modification of original detrital composition 
while attempting interpretation of provenance. 
The microfacies analysis of the limestone was carried out to 
interpret the depositional environment of the Lameta Formation. 
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LITHOSTRATIGRAPHY 
The exposure of Lameta Formation in Jabalpur area is 
surrounded by recent alluvium. Stratigraphic sections measured at 
several localities in the area reveal a maximum thickness of 21m. 
The following paragraphs give the details of the sections measured 
at different localities. 
Chui Hill quarry Section 
Lithostratigraphic section measured at the Chui hill quarry 
(Figure 2a), is 17m thick and is composed of sandstones, 
limestones and clays covered on the top by debris of Deccan 
Traps. The section has the following sequence:-
13.0m-17.0m Reddish brown, coarse to medium grained, hard and 
(Top) 
pebbly sandstones, 4m thick. 
10.0-13.Om Red, Green and mottled sandy and clayey bed. 
becomes more sandy upward, 3m thick. 
8.0-10.0m Earth}' white, medium to fine grained, impure, hard 
and compact limestone. 2m thick. 
1.0-8.0m Greenish to brownish, medium grained, friable 
sandstone, thinly bedded with large scale trough 
cross bedding. 7m thick. 
0.0-1.0m Reddish, medium to fine grained hard and compact 
(Base) 
sandstones, cross-bedded, Im thick. 
17m 
13m 
10m 
8 m 
V V V 
V V 
V V V 
A A A 
j ? ^ TroughCrossbedded INDEX 
Sandstone 
^ ^ Planer Crossbedded |v y j Basalt 
Sandstone 
I Ic iay |,'-*';| Pebbly Sandstone 
[T \ - ' | Massive Sandstone Limestone 
! • ^ I Conglomerate 
15m . . . . . . 
10 V m 
X T ] Mottled Nodular Bed 
CHUI HILL SIVNITOLA PAT BA8A 
(a) (b) (c) 
Figure 2 Lithostratigraphic sections of a) Chui Hill b) Sivni Tola and 
c) Pat Baba 
Sivni Tola Section 
A section measured at Sivini Tola on the left bank of the 
Narmada River near Sivni village (Figure 2b), is 15m in thickness 
and comprise mainly the sandstone. The succession is as follows:-
0.5-15.0m Pebbly sandstone comprising pebbles of chert, vein 
(Top) 
quartz, jasper and quartzite, 5m thick. 
8.5-10.5m Reddish brown, coarse grained, hard sandstone, 2m 
thick. 
7.0-8.5m Red, Green and mottled sandy and clayey bed, 1.5m 
thick. 
0.5-7.0m Greenish, coarse grained, thickly bedded sandstone 
6.5m thick. 
0.0-0.5m Reddish, medium to fine grained, hard and compact 
(Base) 
sandstone. 0.5m thick. 
Pat Baba Ridge Section 
A section measured at the Pat Baba Ridge (Figure 2c). is 
13.5m thick, and comprises conglomerate, sandstones, limestones 
and clays. The succession in the section is as follows:-
11.5-13.5m Reddish brown, medium to coarse grained, hard 
(Top) 
sandstone. 2m thick. 
10.0-1 1.5m Mottled, sandy and clayey bed, 1.5m thick. 
8.5-10.0m Yellowish to greyish, medium to fine grained and 
hard calcareous sandstones or limestone. 1.5m 
17 
thick. 
2.5-8.5m Greenish, coarse grained, friable sandstones, 
becomes hard and compact in upper parts, planar 
and trough cross-bedded, 6m thick (Plate lA). 
2.0-2.5 Earthy white to cream, soft clay, 0.5m thick. 
1.5-2.0m Yellowish brown, coarse grained, friable sandstone, 
0.5m thick. 
0.0-1.5m Coarse grained and hard conglomerate, consists of 
(Base) 
pebbles of Vein Quartz, Quartzite, Chert, and 
Jasper fragments. 1.5m thick. 
Satpula Section 
A lithostratigraphic section, near Satpula (Figure 3a), 
measured a thickness of 11m. There are two beds of sandstones. 
The sequence is as follow:-
8.0-1 1.0m Medium to coarse grained, pebbly sandstone. 
(Top) 
parallel laminated with large scale planar and 
trough cross bedding. 3m thick. 
0.0-8.0m Greenish to whitish, coarse to fine grained, friable 
(Base) 
sandstone, thickly bedded with large scale false 
planar and trough cross-bedding, 8m thick (Plate 
IB). 
PLATE I 
(A ) 
( B ) 
PLATE! 
Field photographs showing lithologic and sedimentary 
characters of Lameta Formations, Jabalpur area, Madhya Pradesh. 
A. Planar cross-bedded Green Sandstone (Pat Baba Section) 
B. Planar cross-bedding in Green Sandstone at Satpula Section. 
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Figure 3 Lithostratigraphic sections of a) Satpula b) Bara Simla and 
c) Chota Simla 
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Bara Simla Hill Section 
A 2I1TI thick section at Bara Simla hill (Figure 3b) comprises 
sandstones and limestone, covered by the debris of Deccan Trap at 
the top. The following sequence has been worked out:-
21.0-above Dark black, basalt. 
(Top) 
14.0-21.0m Reddish brown, coarse grained sandstone, false 
cross bedded also having wavy bedding, 5m thick. 
7.0-14.0m Green. Red and mottled sandy and clayey bed, 1.5m 
thick. 
4.0-7.0m Cream to Greyish, hard and compact limestone, 3m 
thick. 
0.0-4.0m Greenish, medium to coarse grained, friable 
(Base) 
sandstone, showing false cross-bedding, 5m thick. 
Chota Simla Hill Section 
At Chota Simla hill the section (Figure 3c) is 5m thick and is 
composed of sandstone, limestone and clay. The succession 
worked out is as follows:-
4.0-5.0m White to cream, medium to fine grained limestone. 
(Top) 
Im thick. 
1.0-4.0m Greenish, coarse grained, friable sandstone. ha\ing 
false cross bedding. 3m thick. 
0.0-0. Im White to buff coloured clays, Im thick. 
(Base) 
21 
Lameta Ghat Section 
A section measured at Lameta Ghat on the right bank of the 
Narmada River (Figure 4a), measured 21m in thickness.Main rocks 
are schist, conglomerate, sandstones, limestone and covered on top 
by basalts. The succession is as follows:-
21.0-above Dark grey, fine grained basalts. 
(Top) 
16.0-21.0m Reddish brown, coarse to medium grained, hard 
sandstone, 5m thick (Plate IIA). 
13.0-16.Om Mottled sandy and clayey bed with burrows, 3m 
thick (Plate IIB, C). 
11.0-13.0m White to creamy white, compact limestone, thinly 
laminated, 2m thick. 
7.0-11.0m Brownish, medium to coarse grained sandstone 
having trough cross-bedding, 4m thick. 
4.0-7.0m Coarse grained, hard conglomerate, contains 
pebbles of quartzite, vein quartz, jasper and schist 
fragments, 3m thick. 
0.0-4.0m Dark grey to Greyish, hard and compact, laminated 
(Base) 
schist, beds dipping steeply, 4m thick. 
Gwari Ghat Section 
At Gwari Ghat (Figure 4b) a 7m thick section has two beds 
of sandstone. The succession is as follows:-
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PLATE 11 
( B ) 
f r y 
PLATE-II 
Field photographs showing lithologic and sedimentary 
characters of Lameta Formation, Jabalpur area, Madhya Pradesh. 
A. Outcrop of Upper Sandstone beds at Lameta Ghat. 
B. Mottled Nodular bed from Lameta Ghat. 
C. Vertical branching burrows a in Mottled 'Nodular bed at 
Lameta Ghat Section. 
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Figure 4 Lithostratigraphic sections of a) Lanieta Ghat and 
b) Cwar i Ghat 
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5.0-7.0m Reddish brown, coarse to medium grained, hard 
(Top) 
sandstone, 2ni thick. 
0.0-5.0m Greenish, coarse grained, hard and compact, trough 
(Base) 
cross-bedded sandstone. 
LITHOFACIES 
The Lameta Formation show variable thickness of individual 
bed^ as indicated by the sections measured above (Figure 5). 
Several lithofacies were identified and their lateral trends at the 
measured sections were studied. The various lithofacies identified 
and their vertical and lateral variations are described below:-
Pianar Cross-Bedded Sandstone Facies 
This lithofacies is confined to the Sivni Tola, Gwari Ghat 
and Chui Hill Sections. The thickness varies from 0.5m at Sivni 
Tola to Im at Gwari Ghat and Chui Hill. They are reddish 
coloured,medium- to fine-grained sandstones. They are hard and 
cemented by iron-oxide. The facies shows planar cross-bedding at 
Chui Hills. 
Trough Cross-Bedded Sandstone Facies 
The lithofacies. present throughout the study area, has 
thickness varying from 3m to 8m. It is composed of medium- to 
coarse-grained sandstones, greenish to brownish in colour. A 
maximum thickness of Sm has been recorded at the Satpula section 
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(Figure 5). The entire bed exhibits trough cross-bedding. However, 
in the Satpula section a bed of Im thickness characterized by 
plannar cross-bedding is met at the height of 5m from the base of 
the section. 
Laminated Limestone Facies 
The lithofacies is present in the Lameta Ghat, Chui Hili, 
Chota Simla, Bara Simla and Pat Baba sections of the Jabalpur 
area with thickness varying from Im to 3m. It has yellowish to 
cream-white coloured, compact limestones showing thin 
lamination. This facies corresponds to the Lower Limestone of 
Matley (1921). 
Mottled Sandstone Facies 
Recorded at Lameta Ghat. Sivni Tola, Chui Hill and Bara 
Simla Sections of the Jabalpur area. The lithofacies consists of 
mottled sandy and clayey beds. A large number of burrows 
recorded in this have uniform diameter and show branching. The 
width of the burrows is about 7cm. 
Arenaceous Limestone Facies 
Lameta Ghat section of the Jabalpur area shows this 
lithofacies, with about 1.5m thickness. Very hard limestones with 
a large amount of terrigenous constituents make it up. The facies 
corresponds to the Upper Limestones of Matley (1921). 
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Trough/Wavy Bedded Sandstone Facies 
Recorded at the Lameta Ghat, Sivni Tola, Gwari Ghat and 
Bara Simla lithosection, this facies comprise coarse-grained 
sandstones of reddish brown colour. It shows trough cross-bedding 
grading upwards into wavy bedding at the Bara Simla locality. The 
thickness varies from 2m to 7m, however, a maximum thickness of 
7m has been recorded at Bara Simla locality. 
Pebbly Sandstones Facies 
This lithofacies has been recorded in the Sivni Tola, Satpula, 
Chui Hill and Pat Baba section. It has reddish brown, coarse-
grained pebbly sandstones with pebbles of vein quartz, chert, 
jasper and quartzite. The sandstones are very compact. 
A lateral and vertical variation of facies with their section 
wise correlation is presented as follows (Figure 6). 
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Figure 6 Lateral and vertical variation of facies with their section wise 
correlation 
29 

INTRODUCTION 
A study of grain size, roundness, sphericity, surface features 
and overall fabric allows unequivocal identification of 
transporting agents and depositional setting. 
According to Sutlner (1974). textures of the rock reflect 
their provenance characteristics, depositional environment and 
diagenesis. 
A large number of early workers have made contributions to 
grain size studies Uddcn (1898. 1914). Wentworth (1922. 1929), 
Trask (1932). Krumbcin and I'ctlijohn (1938), Otto (1939). 
Inman (1949). Sindowski (1958). Folk and Ward (1957), 
Mason and Folk (1958). Friedman (1961. 1962) and Moss (1963) 
carried out detailed stud\ of sedimentary textures. They have 
employed bivariant anahsis involving the use of size parameters 
in various combinations as environment indicators. 
Doeglas (1946) showed that grain size distributions are 
mixture of two or more populations produced by varying transport 
conditions. He developed an empirical classification of curves to 
specific sedimentar} cn\ ironmcnls. 
The environment of deposition by using \'arious statistical 
parameters of dislribiilion of sediments and their relationship with 
hydrodynamic conditions, have also been studied (Duane. 1964) 
Dependence of size distribution of quartz grains upon the 
size of quartz grains in the sourfce rocivs has also been studied 
Smalley (1966). 
Friedman (1967) pioneered the use of two component 
(bivariate) diagrams that plot one statistical parameter against 
another for recognition of sandstone types. 
The Lameta Formation of Jabalpur area were studied for 
their textural attributes to interpret their provenance, environment 
of deposition, diagcncsis and estimating the influence of texture 
on detrital modes and petrolacic^. Their interrelationships were 
studied using bivariant plots in the present study. 
METHODS OF STUDY AND DATA PRESENTATION 
Seventy thin sections were prepared from sandstone samples, 
collected from different localities of the area and were studied 
under the microscope for textural analysis. 
Microscopic examination of the thin sections revealed that 
original grain fabric was largeK preserved with clear grain 
boundaries. On the whole there was little modification of texture 
due to reactions between grains and cement or by mechanical 
compaction. 
Grain size measurement was carried out using Chayes point-
counting technique (1949). About 300 to 400 grains were counted 
from each thin section. 1 he prcsenl study employed Phi-scale 
which was introduced by Krumbein (1934). The size data was 
grouped into half phi class-intervals. The statistical parameters of 
grain size distribution were derived with the help of cumulative 
frequency curve plots. 
Roundness and sphericity of the grains were estimated by 
visual comparison with standard images of known roundness and 
sphericity (Russel and Taylor, 1937; Krumbein, 1940; Powers, 
1953). 
Roundness scale of Powers (1953) was found quite useful. 
Mean roundness was determined by conventional statistical 
methods employing Power's class-limit values. About 100 grains 
in each thin section were counted for the study of roundness and 
sphericity. 
STATISTICAL PARAMETERS 
Various statistical parameters of grain size distribution like 
Graphic Mean (Mz). Inclusive Graphic standard Deviation ( a l ) . 
Inclusive Graphic Skewness (Sk|) and Graphic Kurtoris (KG) were 
computed using Folk's formulae (1968. 1980). 
Graphic Mean Size (Mz) 
The Graphic Mean size of the sandstones of Lameta 
Formation range from 0.91(1) to 3.38 (j), average 2.20 (j) (Table 2), 
indicating very fine-grained to coarse-grained texture. Most of the 
samples are fine-grained followed by medium-grained, very fine-
JZ 
grained and coarse-grained. In several samples grain size is not 
uniform. Such variations suggest that during deposition the current 
was not of uniform strength. 
Inclusive Graphic Standard Deviation ( a l ) 
Sorting of sediments depend upon competency and stability 
of the current. Relatively constant strength currents produce very 
well sorted to well sorted sediments but fluctuating currents will 
give rise to poorly sorted sediments. 
Inclusive Graphic standard Deviation or sorting values of the 
sandstones of Lameta Formation range from 0.44 (j) to 1.46 (j), 
average 0.84 ^ (Table 2) indicating poorly sorted to well-sorted 
texture. 
Inclusive Graphic Skewness (Sk|) 
The Inclusive Graphic Skewness of the sandstones of Lameta 
Formation range from -0.41 to +0.50. (Table 2). The samples thus 
belong to strongly coarse skewed to strongly fine skewed 
category. 
Graphic Kurtosis (KG) 
The Graphic Kurtosis of the sandstones of Lameta Formation 
range from 0.51 to 1.80 average 1.01 (Table 2) indicating that they 
are very platykurtic to leplokurlic. 
Folk and Ward (1957) suggested that if the sediments are 
near the source of the sands, they are characteristically leptokurtic 
and positively skewed. Duane (1964) studied Recent sediments in 
Western Pamlico Sound. North Carolina and found: i) the sign of 
skewness can be related to environment energy, and therefore to 
environment. Where winnowing is a dominant force, here equated 
to high energy, as in the tidal inlets, the littoral zone and beaches, 
as well as most of the barrier Islands, the sediments are very 
dominantly negatively skewed, ii) the area characterized by no 
particular dominance of either positive or negative skewness are 
regions where winnowing may be effective one day but not the 
next, and iii) areas where energy levels are low, are characterised 
by positive skewness. as in core sound (sheltered lagoon) and 
dunes. 
Mason and Folk (1958) demonstrated that beach sands have 
normal or negative skewness and are leptokurtic, the dune sands 
have positive skewness and are mesokurtic, and aeolian flat sands 
have positive skewness and are leptokurtic. 
Beach sand generally have negative skewness, but both dune 
and river sands usually have positive skewness (Friedman, 1961). 
About half of samples studied are strongly coarse skev/ed to 
coarse skewed. Rest of them are near symmetrical about 33%, 
fine-skewed and strongly fine-skewed about 18% suggesting a 
high energy depositional environment where winnowing was an 
important force. 
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ROUNDNESS 
Roundness of grains is a function of transportation process 
on the debris furnished by the source area. It reflects abrasion 
history, which, in turn, depends on the diverse geologic controls 
such as relief, kinds of source rock, distance and mechanism of 
transportation and mineralogy of the grains. 
The sandstones of Lameta Formation have grain roundness 
ranging from very angular to well rounded. In most of the samples, 
majority of the grains are sub-angular to subrounded. 
The mean roundness of the individual samples range from 
0.31 to 0.48. The mean roundness for aggregate distribution is 
0.36 (Table 3). 
SPHERICITY 
The most commonly used method of determining the 
sphericity is through visual comparison. For the present study the 
comparison chart gi\en by Krumbein and Sloss (1963) was used 
for classification of sandstones into two classes: 
i) High sphericity and ii) Low sphericity. 
Most of the grains studied showed low sphericity. The mean 
sphericity values of the individual samples range between 0.31 to 
0.57. average 0.42 (Table 4). 
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Table 4 Sphericitj' of detrital gra 
Jabalpur area (Madhya Pradesh) 
S. No. Total 
Grains 
ins of the sandstones of Lameta Formation of 
High Sphericity (>0.9) 
Lameta Ghat 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
LIO 
L12 
L14 
L15 
L16 
L17 
L18 
L19 
L20 
L22 
L25 
L26 
L27 
L28 
L29 
77 
83 
67 
104 
75 
78 
107 
85 
63 
97 
84 
72 
80 
83 
110 
82 
69 
73 
83 
60 
70 
73 
61 
36 
29 
27 
42 
28 
32 
43 
21 
16 
25 
19 
25 
31 
20 
37 
31 
27 
21 
19 
19 
21 
19 
15 
47 
35 
40 
40 
37 
41 
40 
25 
25 
26 
23 
35 
39 
24 
34 
38 
39 
29 
23 
32 
30 
26 
25 
Bara Simla 
Bl 
B7 
B9 
Bll 
B14 
aB20 
aB21 
aB22 
aB24 
aB25 
59 
57 
81 
54 
96 
90 
72 
86 
61 
62 
15 
14 
18 
12 
32 
20 
15 
23 
15 
12 
25 
25 
22 
22 
33 
22 
21 
27 
25 
19 
Satpula 
RSI 
RS2 
RS4 
RS7 
RCl 
RC3 
RC5 
63 
93 
73 
54 
90 
60 
80 
6 
15 
13 
6 
23 
12 
19 
10 
16 
18 
11 
26 
20 
24 
Low Sphericity (<0.3) 
41 
54 
40 
62 
47 
46 
64 
64 
47 
72 
65 
47 
49 
63 
73 
51 
42 
52 
64 
41 
49 
54 
46 
44 
43 
63 
42 
64 
70 
57 
63 
46 
50 
57 
78 
60 
48 
67 
48 
61 
53 
65 
60 
60 
63 
59 
60 
75 
75 
74 
77 
65 
61 
76 
66 
62 
61 
71 
77 
68 
70 
74 
75 
75 
75 
78 
78 
67 
78 
79 
73 
75 
81 
90 
84 
82 
89 
74 
80 
76 
Mean 
Sphericity 
0.57 
0.49 
0.53 
0.53 
0.51 
0.53 
0.53 
0.42 
0.42 
0.43 
040 
0.49 
0.52 
0.41 
0.48 
0.51 
0.52 
0.45 
0.41 
0.47 
0.46 
0.43 
0.42 
0.42 
0.42 
0.40 
0.40 
0.48 
0.40 
0.39 
0.43 
0.42 
0.38 
0.31 
0.36 
0.37 
0.32 
0.42 
0.39 
0.41 
Contd. 
43 
Chui Hill 
C7 
C8 
bc29 
CC17 
CC18 
CC19 
CC20 
102 
87 
77 
71 
101 
79 
104 
15 
23 
17 
11 
14 
10 
17 
15 
26 
22 
15 
14 
13 
16 
87 
64 
60 
60 
87 
69 
87 
85 
74 
78 
85 
86 
87 
84 
0.35 
0.43 
0.40 
0.35 
0.34 
0.33 
0.36 
Sivni Tola 
G2 
G8 
GIO 
014 
015 
018 
019 
70 
113 
112 
106 
81 
89 
73 
18 
33 
27 
20 
18 
12 
16 
26 
29 
24 
19 
22 
13 
22 
52 
80 
85 
86 
63 
77 
57 
74 
71 
76 
81 
78 
87 
78 
0.43 
0.45 
0.41 
0.38 
0.40 
0.34 
0.40 
Pat Baba 
POl 
PI 
P2 
PglO 
PgU2 
PgU3 
PL9 
PLIO 
PLll 
PL12 
PL13 
53 
50 
64 
91 
73 
67 
84 
75 
75 
60 
71 
15 
11 
15 
30 
23 
19 
24 
20 
22 
18 
21 
28 
22 
23 
33 
32 
28 
29 
27 
29 
30 
30 
38 
39 
49 
61 
50 
48 
60 
55 
53 
42 
50 
72 
78 
77 
67 
68 
72 
71 
73 
71 
70 
70 
0.44 
0.40 
0.41 
0.48 
0.47 
0.44 
0.45 
0.44 
0.45 
0.46 
0.45 
Gwari Ghat 
GWl 
0W2 
GW3 
0W4 
GW5 
47 
71 
65 
64 
85 
10 
20 
11 
11 
11 
21 
28 
17 
17 
13 
37 
51 
54 
53 
74 
79 
72 
83 
83 
87 
0.39 
0.44 
0.36 
0.37 
0.34 
44 
TEXTURAL MATURITY 
Textural maturity has been defined as the degree to which a 
sandstone is free of interstitial clay and is well sorted and well 
rounded (Folk, 1951). 
The textural maturity provides most important clue to the 
physical nature of the depositionai environment. It also gives an 
idea about the effectiveness of the environment in winnowing, 
sorting and abrading the detritus. The immature sediments 
accumulate in environments where current action is either weak or 
deposition is so rapid that sediments are not effected by 
mechanical energy after deposition. The supermature sediments 
are subjected to intense abrasion and sorting in high energy 
environments such as beaches or desert dunes. 
According to Folk (1980), the sediments suffer the 
mechanical energy during transportation due to abrasion and 
sorting actions. Sequentially they pass through four stages of 
maturity i.e., immature, submature, mature and supermature. 
The textural maturity of the rocks of Lameta Formation were 
determined based on Folk's (1980) concept. 
The sandstones are immature to sub-mature having sub-
angular to sub-rounded grains (Table 5). Most of the samples 
contain less than 5 percent clay matrix which suggests that the 
sandstones were deposited under high energy environment. 
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BIMODALITY 
The sandstones of Lameta Formation have been observed to 
show bimodality in grain size. Large rounded grains surrounded by 
small grains (Plate IIIA). Bimodality may be found in both aeolian 
and beach environment. In aeolian environment it is characteristics 
of deflationary desert flats (Folk, 1968). 
In beach environment bimodality can occur in lower 
foreshore (backwash breaker zone) and probably in storm deposit 
layers (Taira and Scholle, 1979). The backwash breaker zone is 
characterized by concentration of coarse sediments. These coarse 
sediments may intermingle with "normal" beach sand by the 
following process (Taira and Scholle, 1979): 
(a) dispersal of coarse fraction along the shoreline by 
longshore currents. 
(b) shore-ward migration of coarse fraction due to shore-ward 
wind variation of bottom current velocity (induced by 
shoaling waves), and 
(c) sea-ward transportation of coarse fraction by backwash. 
Clifton (1969) showed that in back-wash surface creep 
(back-wash bed flow), coarse-grained fraction is transported to 
back-wash breaker zone. During storms on high wave energy 
coarse-grained fraction is carried from lower foreshore (back-wash 
breaker zone) to upper foreshore and backshore. The storm deposit 
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PLATE III 
( A ) 
( B ) 
PLATE-III 
Photomicrographs of the Sandstones of Lameta Formation, 
Jabalpur area, Madhya Pradesh. 
A. Bimodality in Sandstone of Lameta Formation (Gwari ghat) 
-25X. 
B. Two well-sorted fine and coarse layer in sandstone of 
Lameta Formation. (Gwarighat)-25X. 
5] 
layer thus formed may acquire bimodality due to mixing of coarse 
and "normal" beach sand fractions. Besides these, bimodality may 
also results from bioturbation by burrowing organisms, in a beach 
environment, where two sorted laminae of different grain sizes 
may have been mixed by organisms to form bimodality. Blatt 
(1992) is of the opinion that abundance of bottom feeding 
organisms in shallow marine environment can give rise to 
bimodality by mixing of two well-sorted laminae. Fraser (1976), 
associated presence of bimodality (Starved Rock Member-Upper 
Mississippi Valley) to burrowing activity and supposes its 
formation by the mixing action of burrowing organisms. 
The sandstones of Lameta Formation show two well sorted 
and coarse layer (Plate IIIB) overlain by a layer showing 
bimodality. Bimodality along with the presence of extensive 
burrows in the sandstones and ooids in the overlying limestones of 
Lameta Formation revealed by this study reflect that these 
sediments were deposited in beach/shoal environment. More 
evidence of shoal environment is discussed in the chapter on 
microfacies in this work. 
BIVARIANT PLOTS OF TEXTURAL PARAMETERS 
Bivariant plots were used to show the interrelationship of 
various textural attributes for the sandstones of Lameta Formation. 
Different textural parameters of sandstones were plotted against 
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each other and their relationship was determined statistically by 
computing their correlation coefficient values. 
The different plots which were used, included mean size 
versus sorting, mean size versus roundness, mean size versus 
sphericity, roundness versus sorting and sphericity versus sorting. 
Mean Size Versus Sorting 
The mean size of sandstone samples of Lameta Formation 
were plotted against their sorting values (Figure 7a) and their 
correlation coefficient value was computed (0.08) which shows a 
very poor relationship. 
Mean Size Versus Roundness 
The mean size versus roundness plots show a poor 
relationship between the two parameters (Figure 7b). Their 
correlation coefficient value is 0.18. 
Mean Size Versus Sphericity 
The mean size versus sphericity diagram shows a medium 
relationship (Figure 7c). The correlation coefficient value 
determined for the plot is 0.52. Thus the sphericity of the grains 
increase as their size decrease. 
Roundness Versus Sorting 
The roundness versus sorting plot shows very poor 
relationship (Figure 8a) with correlation coefficient value of 0.11. 
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Sphericity Versus Sorting 
The plot of sphericity versus sorting shows a very poor 
relationship between the two parameters (Figure 8b). The 
correlation coefficient value calculated is 0.12. 
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INTRODUCTION 
Mineralogical studies provide very important information 
pertaining to provenance of sandstones. 
The detrital composition of sandstone is controlled by 
several factors. Studies have revealed that their mineralogy is 
influenced by tectonic setting (Dickinson and Suczek, 1979, 
IngersoU and Suczek, 1979; Valloni and Mazzardi. 1984; 
Dickinson, 1985; and Valloni, 1985), transport mechanism 
(Lucchi, 1985, Veibei, 1985). effect of climate (Suttner, 1974; 
Mack, 1984; Basu, 1985; Suttner and Dutta, 1986; Grantham and 
Velbel, 1988; Girty. 1991; Akhtar and Ahmad, 1991; Khan, 1995 
and Akhtar et al.. 1999) and diagenetic modification (McBride, 
1985; 1987; Akhtar et al., 1992; Alam et ai, 2000 and Ahmad et 
al., 2004). 
Detrital mineralogy of the sandstones of the Lameta 
Formation were studied for petrographic classification, 
provenance, tectonic setting, effects of climate and transport, and 
diagenesis. 
METHODS OF STUDY AND DATA PRESENTATION 
For study of detrital composition of sandstones of Lameta 
Formation, qualitative analysis of thin sections of samples 
collected from various localities was carried out. For Modal 
composition about 200-300 grains were counted in each thin 
section. 
The terminology proposed by Folk (1980) was used. Heavy 
minerals were separated by Muller's (1967) method. 
DETRITAL MINERAL COMPOSITION 
The detrital content comprise quartz, feldspar, rock 
fragments, micas and heavy minerals. The latter occur as minor 
constituent. The average composition of detrital minerals are:-
Quartz, 98.23%; Feldspar, 1.15%; Mica, 0.34%; Rock fragments, 
0.28% (Table 6). 
Quartz 
Quartz is the most dominant constituent. Its varieties have 
been recognized using Folk's (1980) system. The varieties 
recorded are: common quartz, vein quartz, recrystallized, 
metamorphic quartz and stretched metamorphic quartz. Their 
average percentages are: common quartz, 96.38%; recrystallized 
metamorphic quartz, 1.0%; stretched metamorphic quartz, 0.81%; 
vein quartz, 0.04% (Table 6). 
Common Quartz occurs mostly as subangular to subrounded grains 
some with inclusions of mica and tourmaline. They are 
monocrystalline with straight to undulose extinction. They 
comprise 89% to 100%, averaging at 96.38%. 
Recrystallised Metamorphic Quartz occurs mainly as 
polycrystallised, composite grains of subequant to equant shape. It 
ranges from 1.0 to 3.0% and averages about 1.0%. 
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Stretched Metamorphic Quartz comprises 1.0 to 4.0% averaging at 
0.81% of the detrital fraction. The grains are polycrystalline and 
are mostly platy to elongated. The sub-individuals show almost 
sub-parallel to parallel orientation and sutured boundaries. Most 
grains show highly undulose extinction. 
Vein Quartz occurs in very few samples. It occurs as 
monocrystalline grains with abundant vacuoles and cloudy 
appearance. It constitutes on an average 0.04% of the total detrital 
fraction. 
Feldspars 
Feldspars are next in abundance after quartz. Their 
percentage ranges from 1.0 to 7.0%, averaging about 1.15% (Table 
6) of the detrital constituents. The feldspars are mainly of 
microcline variety. 
Mica 
Both muscovite and biotite occur as tiny flakes somewhat 
elongated. Their percentages range from 1.0 to 3.0 averaging at 
about 0.34 (Table 6). Biotite is of green variety. 
Rock fragments 
The rock fragments occur in a few samples of the Lameta 
sandstones. Their percentages, in the individual samples, range 
from 1.0 to 2.0, averaging at about 0.27 (Table 6). The fragments 
are of sedimentary origin and include chert, shale and siltstone. 
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Heavy Minerals 
In general, heavy minerals are scarce in Lameta sandstones. 
They include opaques 69%. epidote 8%, tourmaline 6%, zircon 
5%, garnet 3%, rutile 3%. staurolite 3% and 3% of actinolite and 
biotite (Table 7). 
Opaques occur mostly as subangular to subrounded grains. Ihev 
include hematite, limonite and magnetite. In plane polarized light 
hematite appears reddish coloured while limonite and magnetite 
appears as yellowish brown and silvery grey respectively. The 
grains are generally subangular to subrounded. 
Epidote occurs as irregular,subangular to subrounded grains. Pale 
greenish and dark green varieties have been identified. 
Tourmaline occurs as subrounded to well-rounded prismatic 
grains. The green variety is dominant while pale brown to dark 
brown are less common. 
Zircon grains are pyramidal in shape with angular to subrounded 
boundaries. The most common variety is colourless. They contain 
some inclusions of opaques and other minerals. 
Garnet occurs as subangular to subrounded grain. The most 
abundant variety being light pink-coloured followed by light 
yellow and colourless types. 
Rutile occurs as elongated, subangular to rounded grains. It is 
reddish to blood-red in colour. 
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Table 7 Percentages of heavy minerals in the sandstones of Lameta 
Formation of Jabalpur area (Madhya Pradesh) 
S.No Garnet Zircon Tourmaline Staurolite Rutile Epidote 
Lameta Ghat 
L7 
L8 
L21 
L23 
L25 
9 
10 
11 
11 
8 
2 
2 
2 
5 
5 
13 
16 
13 
7 
13 
2 
2 
1 
1 
4 
3 
4 
3 
2 
4 
10 
5 
10 
9 
10 
Gwari Ghat 
GWl 
GW2 
GW3 
GW4 
GW5 
— 
1 
1 
1 
— 
3 
8 
6 
2 
6 
2 
^ J 
1 
4 
1 
2 
3 
2 
5 
2 
2 
3 
1 
8 
1 
12 
— 
12 
18 
10 
Chui hill 
C6 
CC16 
CC21 
CC22 
CC23 
— 
— 
— 
— 
3 
9 
10 
5 
9 
6 
1 
1 
1 
1 
4 
2 
6 
2 
1 
7 
4 
2 
1 
2 
4 
2 
— 
1 
2 
4 
Sivni Tola 
G2 
G6 
G14 
G18 
Satpu 
RSI 
RS2 
RS3 
RS4 
11 
3 
2 
4 
2 
1 
3 
2 
4 
4 
1 
— 
1 
1 
— 
1 
4 
2 
2 
12 
6 
11 
14 
a 
— 
1 
— 
1 
7 
12 
3 
12 
7 
9 
2 
4 
4 
8 
3 
7 
3 
11 
2 
6 
5 
2 
11 
4 
Pat Baba 
?g\ 
PR3 
PgUl 
PgU4 
— 
— 
1 
— 
3 
7 
2 
1 
10 
- ) J 
7 
7 
5 
2 
2 
2 
4 
3 
3 
1 
5 
11 
12 
14 
Bara Simla 
B8 
B13 
aB16 
aB17 
6 
4 
4 
10 
2 
4 
2 
3 
10 
8 
8 
6 
2 
2 
2 
3 
4 
4 
2 
2 
5 
6 
12 
11 
Opaque 
57 
59 
60 
64 
56 
77 
75 
72 
61 
75 
80 
79 
89 
84 
65 
70 
77 
76 
72 
69 
52 
75 
59 
72 
71 
71 
74 
69 
64 
68 
62 
Others 
4 
2 
— 
1 
— 
2 
7 
5 
1 
5 
2 
2 
1 
1 
7 
2 
2 
4 
5 
5 
4 
7 
1 
3 
2 
1 
2 
8 
2 
^ J 
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Staurolite occurs as subangular to subrounded grains, with 
subconchoidal fractures. It is mostly yellow in colour. 
Actinolite-Tremolite occurs as colourless to brown elongated 
grains with angular boundary. 
Biotite occurs as elongated flakes of green variety. 
CLASSIFICATION OF SANDSTONES OF LAMETA 
FORMATION 
Based on the scheme of Folk's (1980) the detrital grains are 
grouped into three end members 
i. Q-ail types of quartz including metaquartzite. 
ii. F-all single feldspar grains plus granite and gneiss 
fragments, 
iii. R-all other rock fragments (chert, slate, phyllite, schist, 
volcanics. limestones, sandstones, shales). 
fhe detrital constituents were recalculated to 100 percent 
excluding clay matrix, authigenic cement, heavy minerals and 
micas. The average composition of framework grains of the 
sandstones of Lameta Formation is as follows: Quartz, 98.58%; 
Feldspar. 1.15%; and Rock fragments. 0.27%. 
All the samples of the studied sandstones plotted near the Q 
pole, in the quartzarenite field (Figure 9). 
FACTORS CONTROLLING DETRITAL MINERALOGY 
Palaeoclimate and distance of transport are the most 
important factors controlling the composition at the time of 
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SUBLITHARENITE 
Figure 9 Classification of Lamcta sandstones, according to Folk (1980) 
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deposition. These factors were studied in detail in order to analyze 
their effect on detrital composition. 
Palaeoclimate 
Many workers have studied the role of climate in 
compositional maturity of detrital sandstones (Darnell, 1974; 
Young, 1975; Young et al.. 1975; Basu, 1976, 1985; Potter, 1978; 
Suttner et al., 1981; Franzinelli and Potter, 1983; Mack. 1984; 
Suttner and Dutta, 1986; Grantham and Velbel, 1988; Akhtar and 
Ahmad, 1991; Girty. 1991; and Anirudhan et al., 1994). 
In regions of higher temperature and moisture content, 
weathering is more intense causing destruction of feldspar and 
other labile constituents, thereby, increasing the compositional 
maturity by enrichment of more stable quartz. A colder and more 
arid climate will be indicated by less mature sediments. The 
chemical weathering will be further enhanced due to biochemical 
reactions in highly vegetated area (Basu, 1981). 
Bivariant log/log plot of the ratio of polycrystalline quartz 
to feldspar plus rock fragments against the ratio of total quartz to 
feldspar plus rock fragments (Suttner and Dutta, 1986) has been 
used for interpreting the palaeoclimate of Lameta Formation. The 
mean values of the ratio were plotted. They indicate a humid 
climate for the area (Figure 10). 
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Figure 10 Bivariant log/log plot of the ratio of Qp/F+R against Qt/F+R of 
the sandstones of Lameta Formation, according to Suttner and 
Dutta, 1987. 
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This is also supported by the fact that the Narmada region of 
Central India moved from -35 S to -15 S during the Santonian (80 
my) - Paleocene (60 my) interval (Smith et al., 1981). The study 
area was located within the humid tropical belt during the Upper 
Cretaceous and the climate might have been an important factor in 
the production of highly mature, quartz rich sandstones of Lameta 
Formation. 
However, climate alone cannot produce quartz rich sands. 
This is evident by the quartz poor nature of fluvial and littoral 
Holocene sands from drainage basin in tropical highland with high 
relief (Ruxton, 1970). Therefore, even where the climate is hot and 
humid quartz rich sands will not be produced unless the relief is 
low. A combination of low relief, hot humid climate and ample 
vegetation can produce quartz rich detritus (Franzineili and Potter, 
1983). Low relief would aid in prolonged residence time of 
sediments thereby, increasing the duration of chemical weathering 
thus enriching the sediments in stable quartz. 
Distance of Transportation 
Most of the sediments undergo at least one phase of 
transportation. The time gap between the sediment production and 
their final deposition may be short or long. The processes 
operative during transport bring about rounding and sorting of 
detritus as well as modifying the composition by selective 
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abrasion. Downstream changes in composition of river gravels 
have long been noted. Gravels can become compositionally mature 
in short distance of travel by rapid elimination of less durable 
components with resulting enrichment in more stable rock types. 
The evidence concerning the selective elimination of 
minerals in sand range is ambiguous. Large streams show few or 
no change in mineral composition even during prolonged transport 
and whatever feeble changes that occur are not the result of 
differential abrasion (Russel. 1939). There appears to be only a 
small loss of feldspar relative to quartz and no appreciable loss of 
feldspar in high gradient gravel carrying streams (Plumblay, 
1948). 
The detrital grains of Lameta Formation are in the sand size 
range and, probably underwent transportation to distance of a few 
hundred kilometer. The deficiency of feldspars may be explained 
as due to high gradient stream transportation leading to rapid 
destruction of feldspar by abrasion. Apart from this, the sorting 
and roundness of the sediments, controlled by the transportation 
process, suggests that transportation process is not solely 
responsible for destruction of the constituents in the sandstones. 
In addition it is also known that the imprint of climate 
although preserved for the first 75Km of transportation in high 
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gradient stream, is rapidly destroyed as soon as high energy 
marine environment (beach) is reached (Suttner et al., 1981). 
Though the detrital mineralogy of the Lameta Formation 
appears to have been modified by palaeoclimate and transportation, 
it has potential to reflect the nature of source rocks. 
Source Rock Composition 
The lithological composition of the rocks in the source area 
may be the most potent and dominating agent that affect the final 
sandstone composition (Krynine, 1948). 
A study of light and heavy mineral fractions of the 
sandstones is important in interpreting the provenance character. 
Among the light minerals quartz is the dominant constituent and 
can be a good indicator of provenance. 
Krynine (1946) used quartz as guide to the provenance. His 
approach was based on grain shape, type of inclusion and 
extinctions (undulatory or non-undulatory). Based on these 
discrimination was made between igneous plutonic and 
metamorphic origins of monocrystalline quartz. But these criteria 
are usually difficult to apply (Bokman, 1952). Differences in 
inclusions and shape, etc., of quartz in source rock are either 
absent or may show a wide range of variation. 
Usefulness in this respect of polycrystalline or composite 
quartz has been emphasized by many authors (Voll, 1960; Blatt 
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and Christie, 1963; Conolly, 1965 and Basu, 1985). Those showing 
two distinctly different sizes of crystals within a single 
polycrystalline grain is diagnostic of metamorphic quartz. A high 
ratio of polycrystalline quartz to total quartz also suggests a 
metamorphic source. Vol! (1960) noted two types of 
polycrystalline quartz of metamorphic origin (1) Polycrystalline 
quartz, composed of polygonal grains with straight boundaries 
which tend to meet at 120 degree angles; and (2) Polycrystalline 
quartz which exhibit sutured boundaries. 
Basu et al., (1975) used the criteria of undulosity and 
polycrystallinity in his studies and concluded that higher 
proportion of moderately to strongly undulose monocrystalline 
quartz grain (undulosity>5) and higher proportion of 
polycrystalline quartz in medium sand size is characteristic of 
metamorphic source. Plutonic rocks tend to provide non-undulose 
or weakly undulose (undulosity<5°) monocrystalline quartz and 
polycrystalline quartz grain with only two or three subgrains. 
Folk (1980) used undulosity and polycrystallinity while 
Young (1976) used the internal fabric of polycrystalline quartz for 
inferring the source rock. 
The ubiquity of feldspars, the second most common mineral 
in sandstones, make them suitable as provenance indicator. Being 
unstable feldspars may, however, be selectivity modified or 
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removed from the detritus during weathering, transportation and 
diagenesis, resulting in decrease of their effectiveness as 
provenance indicator. 
They can be derived from different sources and show 
variation in their chemical composition and physical properties 
which have genetic implications. The most useful properties being 
chemical composition, zoning, twinning and structural state. 
Generally, chemically high K-plagioclase are indicative of 
volcanic origin and there is gradual decrease in K-content from 
volcanic to plutonic to metamorphic rocks (Trevena and Nash, 
1981; Sibley and Pentony. 1978). 
Zoning in feldspar is also very important. The types of 
zoning or lack of it may provide a clue to the provenance of the 
feldspar (Pittman, 1963). The Plagioclase in volcanic and 
hypabyssal rocks is characterised by oscillatory zoning which is 
rare in plutonic igneous and metamorphic rock. Trevena and Nash 
(1981) too obtained similar results. 
Correlation of twinning of feldspars with host rock lithology 
has also been attempted by many workers (Gorai, 1951; Turner, 
1951; Tobi; 1962). The twinning of K-feldspars are useful in 
microcline-bearing rocks from those rich in Orthoclase or 
Sanidine. Plymate and Suttner (1983) found that frequency of 
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cross-hatched twining is a quick method for correlating K-feldspar 
bearing sandstones with their source rock. 
Feldspars are very sensitive to weathering process which 
requires suitable climate as well as proper length of time which in 
itself is determined by relief. The presence or absence of feldspar 
depends on the process of erosion and decomposition operating 
there. Therefore, detrital feldspar is an index of both climatic 
vigour and tectonism. 
The common varieties of mica, muscovite and biotite, are 
found in the sandstones of Lameta Formation. These may be 
derived from metamorphic plutonic and rarely volcanic rocks. Of 
these muscovite being chemically more stable, occurs more 
commonly. In general, abundant micas in sands is suggestive of 
metamorphic provenance. 
Rock fragments are among the most informative of all the 
detrital components. Sandstone commonly contains rock particles 
of volcanic, sedimentary (mainly pelitic) and metamorphic origin 
(slates, phyllite, mica schists etc.). They carry their own evidence 
of provenance (Bogg, 1968). 
Heavy minerals provide exceptionally useful clue to the 
nature of source rocks. Like lighter fractions, they too are 
influenced by weathering, transportation and diagenesis. Important 
contributions in this field are those of Krynine (1946); Vintage 
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(1957); McCarley (1981); Holland (1984); Zimmerle (1984); 
Morton (1985); Faupl and Wagreich (1992); and Faupl et al. 
(2002). 
The sandstones of Lameta Formation contain quartz of 
igneous (common quartz. vein quartz) and metamorphic 
(recrystallised metamorphic quartz, stretched metamorphic quartz) 
origin as well as micas, rock fragments, heavy minerals and 
feldspar. 
The most abundant quartz is common quartz. It is mainly 
derived from granitic batholiths or granite-gneisses. The 
recrystallised quartz indicates an origin from metaquartzite, highly 
metamorphosed granite and gneissic rocks. The stretched quartz 
was, probably, derived from granites, schists or quartz veins. 
In the present study the data on the types of quartz (Table 8) 
were plotted on the provenance discrimination diagram (Figure 11) 
of Basu et al. (1975). The data plot in the plutonic field. This plot 
yields consistent results that indicate a source area containing 
largely plutonic rocks, which represent the exposed roots of 
magmatic arcs on older crystalline basement in the area (e.g., 
Dickinson and Suczek, 1979). 
Micas present in the sandstones of Lameta Formation 
comprise mainly muscovite and a few biotite flakes derived, 
probably, from granites, pegmatites or schists. 
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Table 8 Types of quartz in the sandstones of Lameta Formation of Jabalpur 
area (Madhya Pradesh) 
Sample No. Non-
Undulatory 
Monocryslalline 
Quartz 
Lameta Ghat 
L4 
L14 
L17 
L19 
88 
88 
92 
92 
Chui Hill 
C8 
CC18 
CC19 
CC20 
87 
81 
88 
83 
Satpula 
RSI 
RS3 
RS4 
81 
88 
84 
Bara Simla 
Bl 
B7 
B14 
aB24 
84 
81 
86 
85 
Sivni Tola 
G2 
G5 
G6 
07 
08 
09 
GIO 
013 
018 
90 
90 
90 
93 
90 
94 
98 
90 
94 
Pat Baba 
POl 
PI 
PgU2 
PaU3 
PglO 
PL9 
PLIO 
Pill 
PL12 
PL13 
94 
95 
92 
90 
90 
92 
89 
90 
94 
89 
Gwari Ghat 
OWl 
0W2 
0W3 
0W4 
0W5 
81 
84 
83 
83 
84 
Undulatory 
Monocrystalline 
Quartz 
Polycrstalline Quartz 
2-3 Crystals >3 Crystals 
5 
10 
7 
7 
-
-
-
-
7 
2 
1 
1 
12 
13 
10 
15 
-
— 
— 
-
1 
6 
2 
2 
11 
10 
12 
— 
— 
— 
8 
2 
4 
14 
17 
13 
7 
— 
— 
— 
— 
2 
2 
1 
8 
4 
5 
9 
6 
6 
4 
1 
9 
5 
— 
— 
— 
— 
— 
— 
— 
— 
-
6 
5 
1 
1 
4 
2 
1 
1 
1 
4 
2 
7 
8 
8 
7 
9 
9 
5 
9 
— 
— 
— 
— 
— 
— 
— 
— 
— 
-_.___ _ 
2 
3 
1 
2 
2 
1 
2 
1 
1 
2 
15 
13 
14 
14 
13 
— 
— 
— 
— 
-
4 
o J 
3 
3 
3 
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PolycrystaUine Quartz 
( 2 - 3 c r y s t a l u n i t s p e r g r a i n , ^ 7 5 % of 
t o t o l p o l y c r y s t o U i n e q u a r t z ) 
Plutonic 
No n -
U n d u l a 1 0 ry 
q u a r t z 
U n d u l a t o r y 
q u a r t z 
% PolycrystaUine Quartz ,^  . __ 
(> 3 c rys ta l units per g ra in , >25%of ^ ^ . ' / : ( ; j n Uni-rerS^iJ 
totol poly crystall ine quortz) 
Figure 11 Classification of Lameta sandstones, according to Basu et al. 
(1975) 
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The presence oF abundant opaque grains in these sandstones, 
reflect their derivation from metamorphic rocks. The suite of 
heavy minerals with biotite, tourmaline and zircon indicate acid 
igneous source for these sediments. On the other hand the suite of 
heavy minerals with garnet, staurolite, tremolite-actinolite and 
epidote reflect metamorphic source for these sediments. The suite 
of heavy minerals with rounded grains of rutile, tourmaline and 
zircon is indicative of multicycled source for these sandstones. 
The mineralogical maturity of heavy minerals assemblage of 
source rocks is defined by Zircon-Tourmaline-Rutile index (Z-T-
R). It is the percentage of combined zircon, tourmaline and rutile 
grains among the transparent, non-micaceous detrital heavy 
minerals (Hubert, 1962). The Z-T-R index value calculated for 
Lameta Formation is 79.16. Thus the high Z-T-R value along with 
low percentage of rock fragments and feldspars in the studied 
sandstones indicates prolonged abrasion or high intensity of 
weathering in the source area. 
The Lameta paleoslope may be equated with the pre-trappean 
topography which, according to Roy Chawdhury (1958) is an 
irregular-eroded country with a general slope to the southwest on 
the eastern side changing towards west on the western side. This 
would suggest that the provenance of the Lameta sandstones was 
located in the northeast or east of the basin. 
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Thus on the basis of present day distribution of Precambrian 
rock types in combination with detrital mineralogy of the 
sandstone it may be inferred that most of the Cretaceous sediments 
was derived from meta-sedimentary rocks and granite-gneisses of 
Mahakoshal Group. 
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Chapter-V 
roi actes 
a, 
'no' 
INTRODUCTION 
Petrofacies, as defined by Dickinson and Rich (1972), 
implies detrital composition of sandstone and its significance to 
regional tectonic framework and contemporary tectonic activity in 
the source and depositional areas. 
The relationship between plate-tectonics and sandstone 
composition has been the subject of intensive research and 
discussion over the last three decades. Many studies have pointed 
to an intimate relationship between detrital sand composition and 
tectonic setting (Crook. 1974; Ingersoll, 1978; Potter, 1978: 
Dickinson and Suczek, 1979; Ingersoll and Suczek, 1979; 
Dickinson and Valloni, 1980; Schwab, 1981; Valloni and 
Mezzardi, 1984; Bhatia, 1985; Dickinson, 1985; Bhatia and Crook. 
1986; Schwab, 1986; Garzanti, 1986; Stefani, 1987; De Celles and 
Hertel, 1989; Akhtar and Ahmad, 1992; Akhtar et al., 1994; Cox 
and Lowe, 1995b; Critelli, 1999; Arribas et al., 2003). 
The proportion of detrital framework grains plotted on 
triangular diagram provide effective discrimination of a variety of 
plate-tectonic settings and have been used as a powerful tool for 
determining the origin and tectonic reconstruction of terrigenous 
deposits (Graham et al., 1976; Dickinson, 1985). But, sometimes, 
correlation between tectonic setting and sandstone petrofacies 
does not hold good due to other factors that influence the detrital 
mineralogy of sandstone. These must be taken into account at the 
lime of interpretation of provenance and tectonic setting (Mack, 
1984; Zuffa, 1985; Ingersoll. 1990) 
Johnsson (1993) gave a detailed account of the various 
sedimentary processes that control evolution of detrital 
composition and their role in the modification of original 
composition of detritus. Climate and relief play most important 
role in this regard. During the process of pedogenesis they can 
obscure the composition of detritus to the extent of its total loss of 
tectonic inheritance. The tropical warm and humid climate aided 
by low relief that result in intense chemical weathering, is the 
most effective agent of modification of original detrital 
composition (Suttner et al., 1981; Basu, 1985; Grantham and 
Velbel, 1988; Girty, 1991). Other modifying agents are sediment 
transport across tectonic boundaries and their deposition in 
tectonically alien basin (Mack, 1984; Velbel, 1985; Lucchi, 1985), 
varying tectonic style at provenance and mixing from two sources 
(Mack, 1984; Marsaglia and Ingersoll, 1992); sediment recycling 
(Blatt, 1967; Cox and Lowe, 1995a), sediment reworking in 
depositional environment (Espejo and Gamudi, 1994) and 
diagenesis (McBride. 1985). Hence it is necessary to synthesise 
and integrate all the above factors for interpretation of petrofacies 
for a logical identification of tectono-provenance. Thus, sandstone 
petrofacies analysis can furnish vital clues regarding the 
provenance and its tectonic setup, source rock composition, role of 
climate and transport. In turn these clues can be applied to 
interpret correctly the tectono-sedimentery evolution of 
geoprovince and its sedimentary cover (Dickinson et al., 1983; 
Mack. 1984: Schwab, 1991; Graham et al., 1993; Cox and Lowe, 
1995a,b). 
In the present investigation, the detrital minerals of Lameta 
sandstones were studied for the purpose of interpretating their 
provenance and plate tectonic setting. The classification scheme of 
Dickinson (1985) was used for this. 
PETROFACIES 
Dickinson (1985) classified sandstones on the basis of their 
characteristic petrofacies. which is primarily controlled by the 
tectonic setting of their provenance. Using detrital modes of 88 
sandstone suites which reflect different tectonic settings of 
provenance terrains, he grouped the provenance related to 
continental sources, into four major types: stable cratons, 
basement uplifts, magmatic arcs and recycled orogens. 
In this study the detrital modes were recalculated to 100 
percent as the sum of Qm, Qp, P. K, Lv and Ls (Table-9) The 
intrabasinal and detrital limeclast (Lc) do not occur and heavy 
minerals were excluded. 
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Table-9: Classification and symbols of grain types (after 
Dickinson, 1985). 
A. Quartzose Grain (Qt = Qni+Qp). 
Qt = 1 otal quartz grain. 
Qm = MonocrN stailine quartz. 
Qp = Polycr\ stailine quart/. 
B. Feldspar Grain (F = P+K). 
F = Total feldspar grains. 
P = Plagioclasc grains. 
K = K- Feldspar grains. 
C. Unstable lithic fragments (L = Lv + Ls) 
L = Total unstable lithic fragments. 
Lv = Volcanic/metavolcanic lithic fragments. 
Ls = Sedimentary/metasedimentary fragments. 
D. Total lithic fragments: (Lt = L + Qp). 
Lc = Extrabasinal detrital lime clast. (not included in L or 
Lt). 
In this study four triangular diagrams. Qt-F-L, Qm-F-Lt, Qp-
Lv-Ls and Qm-P-K were used. Both Qt-F-L and Qm-F-Lt plots 
show full grain populations, but, with different emphasis. In Qt-F-
L plot, where ail quartzose grains are plotted together, the 
emphasis is on grain stability, and thus on weathering, provenance 
relief, and transport mechanism as well as source rock; while in 
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Qm-F-Lt plot, where all lithic fragments are plotted together, the 
emphasis is shifted towards the grain size of the source rock, 
because finer grained rocks yield more lithic fragments in the 
sand-size range. The Qp-Lv-Ls and Qm-P-K plots show only 
partial grain populations, but reveal the character of 
polycrystalline and monocrystalline components of the framework, 
respectively. 
The study revealed that monocrystalline quartz (Qm) is the 
dominant mode of the sandstones. Its percentage ranges from 89% 
to 100%, average 96.76% (Table 10). 
Polycrystalline quartz (Qp) includes both recrystallised 
quartz and stretched metamorphic quartz. Its percentage ranges 
from 1% to 6%, average 1.81% (Table 10). 
The feldspars (F) occur in small amounts in the Lameta 
sandstones and includes both plagioclase (P) and K-feldspar (K), 
the latter being more common. The percentage of feldspar ranges 
from 1 to 7, average 1.15 (Table 10). 
Rock fragments (Ls) include sedimentary and 
metasedimentary lithic fragments of chert, siltstone and shale. 
Their percentages range from 1 to 2, average 0.28 (Table 10). 
All the sandstone samples of the Lameta Formation plot near 
the Qt pole on the standard Qt-F-L plot and lie in Continental 
Block Provenance with source on Stable Cratons (Figure 12). On 
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Table 10 Percentages of framework modes of the sandstones of 
Lameta Formation of Jabalpur area (Madhya Pradesh) (based on the 
classification of Dickinson, 1985) 
Sample 
No. 
Qt F L Qm 
Lameta Ghat 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
LIO 
L12 
L14 
L15 
L16 
L17 
L18 
L19 
L20 
L22 
L25 
L26 
L27 
L28 
L29 
100 
99 
99 
99 
98 
100 
99 
97 
98 
100 
99 
98 
99 
99 
98 
98 
99 
100 
100 
99 
97 
99 
99 
— 
1 
] 
1 
2 
— 
1 
2 
— 
— 
1 
2 
1 
1 
2 
2 
1 
-
_ 
1 
2 
1 
1 
— 
— 
— 
— 
— 
-
— 
1 
2 
-
-
-
— 
— 
— 
— 
-
-
— 
— 
1 
-
-
98 
97 
99 
98 
97 
99 
99 
97 
94 
98 
98 
97 
99 
98 
97 
94 
98 
98 
99 
98 
96 
98 
99 
Bara Simla 
Bl 
B7 
B9 
B!l 
B14 
aB20 
aB21 
aB22 
aB24 
aB25 
99 
100 
96 
100 
97 
92 
97 
98 
94 
97 
1 
— 
4 
— 
"1 
7 
3 
2 
5 
3 
-
-
-
— 
-
1 
— 
-
1 
-
97 
100 
94 
97 
97 
91 
95 
98 
89 
95 
Satpula 
RSI 
"RS3 1 
RS4 
Chui Hi 
C7 
C8 
bC29 
CC17 
CC18 
CC19 
CC20 
100 
100 
100 
-
— 
-
-
-
-
95 
99 
95 
99 
100 
99 
99 
99 
100 
98 
-
-
] 
1 
-
-
1 
I 
-
-
-
1 
-
1 
97 
99 
97 
99 
97 
97 
97 
F 
— 
1 
] 
1 
2 
— 
1 
2 
— 
— 
1 
2 
1 
1 
2 
2 
1 
— 
-
1 
2 
1 
J 
1 
— 
4 
— 
-) 
J 
7 
J 
2 
5 
3 
-
— 
— 
— 
— 
1 
1 
-
-
1 
Lt 
2 
2 
— 
1 
1 
1 
— 
1 
6 
2 
1 
1 
-
1 
1 
4 
1 
2 
1 
1 
2 
1 
-
2 
— 
2 
3 
-
2 
2 
— 
6 
2 
5 
1 
5 
1 
2 
— 
3 
3 
2 
Qp Lv Ls 
100 
100 
— 
100 
100 
100 
— 
— 
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100 
100 
100 
— 
100 
100 
100 
100 
100 
100 
100 
50 
100 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
100 
33 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
50 
— 
— 
100 
— 
100 
100 
— 
50 
100 
100 
83 
100 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
50 
— 
— 
17 
— 
100 
100 
100 
— 
— 
— 
— 
— 
— 
67 
100 
100 
— 
67 
100 
50 
— 
— 
— 
— 
— 
— 
-
33 
— 
— 
— 
33 
— 
50 
Qm P K 
100 
99 
99 
99 
98 
100 
99 
98 
100 
100 
99 
98 
99 
99 
98 
98 
99 
100 
100 
99 
98 
L 9 9 _ 
^99" 
— 
— 
— 
— 
— 
— 
— 
— 
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Figure 12 Qt-F-L plot of the sandstones of Lameta Formation, according 
to Dickinson (1985) 
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the Qm-F-Lt plot most of the points lie on the Continental Block 
Provenance and in the Transition Zone between the field of 
Continental Block Provenance and Recycled Orogen Provenance 
(Figure 13). 
On the Qp-Lv-Ls plot ail the points lie at the Rifted 
Continental Margin Provenance (Figure 14). On the Qm-P-K plot 
(Figure 15) all the points lie in the increasing maturity and 
stability field of the Continental Block Provenance. 
TECTONO-PROVENANCE 
The continental blocks are tectonically stable regions, which 
• are the remanents of ancient orogenic belts that have been eroded 
to their deep-seated roots and lack any genetic relief (Dickinson, 
1985). 
The main source for craton-derived quartzose sands are low 
lying granitic and gneissic exposures of the shield areas, 
supplemented by recycling of associated flat-lying platform 
sediments (Dickinson and Suczek, 1979). The sands may be 
deposited in intracratonic basin or transported to marginal basins. 
The plots of Lameta sandstones on Qt-F-L and Qm-F-Lt 
diagrams suggest that the detritus of the sandstones were derived 
from the granite-gneisses exhumed in the craton interior and 
medium- to high-grade metamorphosed supracrustals forming 
recycled orogen provenance. The sediments were deposited in 
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Figure 13 Qm-F-Lt plot of the sandstones of Lameta Formation, according 
to Dickinson (1985) 
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Figure 14 Qp-Lv-Ls plot of the sandstones of Lameta Formation, 
according to Dickinson (1985) 
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Figure 15 Qm-P-K plot of the sandstones of Lameta Formation, 
according to Dickinson f 1985) 
intracratonic rift basin conditions as evidenced in Qp-Lv-Ls 
diagram. The Qm-P-K diagrams suggest the maturity and stability 
of the source region. This may have stemmed from very long 
period of tectonic quiescence and mature geomorphology of the 
area. 
The composition and maturity of sands is primarily 
controlled by the source rock and tectonics, but, secondary 
processes, such as climate and weathering and depositional 
reworking and abrasion, acting singly or in combination, tend to 
destroy the labile constituents and produce quartz-rich sand. 
Intense weathering under warm and humid climate and long 
residence time in soils may destroy feldspar and other labile 
constituents, resulting in high degree of compositional maturity of 
sediments. 
It has also been emphasized in the previous chapter that 
humid tropical climate play an important role in the destruction of 
feldspars and labile constituents due to intense chemical 
weathering. High quartz content and high ratios of K-feldspar to 
plagioclase also suggests intense weathering on cratons with low 
relief and prolonged transport across continental surface having 
low relief (Dickinson and Suczek. 1979). 
As observed in the previous chapter that the formation of 
quartz-rich single-cycle sand requires low relief in the provenance 
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to prolong the duration of weathering. It can, therefore, be 
inferred that Lameta sandstones were derived from continental 
block provenance of low relief. 
The Indian Plate witnessed a widespread tectonic activity 
during the Mesozoic Era. The important events associated with 
this include breaking up of the Indian Plate from the 
Gondwanaland in the Late Triassic-Early Jurassic, its northward 
drift during Jurassic and Early Cretaceous and its collision with 
the Asian Plate in Early Tertiary period. Various authors (Norton 
and Sclater, 1979; Patriat and Segoufin, 1988; Powell 
et al., 1988; Scotese et al.. 1988; Westermann, 1988) have 
discussed dismemberment of the Gondwanaland along with the 
opening of the Indian Ocean and northward drift of India with the 
final detachment from East Africa/Madagaskar and Antarctica. 
These events played an important role in the development and 
evolution of the western margin basins of the Indian Plate. These 
are represented by the Kutch, Cambay and Narmada basins. 
The Narmada basin is bounded by a system of dextral wrench 
faults (Das and Patel, 1984), slightly diverging towards the west 
(Figure 16). This system of faults delineates the Narmada-Son 
lineament, a geofracture extending into the Moho at a depth of 35 
km to 40 km (Kaila et al., 1980, 1985). The lineament, existing 
since early Precambrian, has a long and varied geotectonic history 
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(Crowford, 1978; Murty and Mishra, 1981; Chaubey, 1989; 
Shanker, 1990, 1991). It has been reactivated from time to time till 
recent times. Its reactivation during the Cretaceous coincided with 
the formation of the Narmada basin and extrusion of lava, now 
Deccan Trap. 
Biswas (1987) studied in detail the tectonic evolution of the 
Kutch, Cambay and Narmada basins. The tectonic evolution of 
these basins took place in four stages during the northward drift of 
India. He proposed that the rifting in the Narmada geofracture was 
initiated in Early Cretaceous with the opening of a basin at its 
western end where deltaic sediments were deposited by the rivers 
flowing along the geofracture. According to him the Narmada rift 
opened up during the Late Cretaceous and received marine 
sediments. Intensive block movements resulted in up-movement of 
the foreland block north of Narmada fault and the peninsular block 
south of it as the Narmada graben subsided. 
Fault-bounded basement uplifts along incipient rifts within 
continental blocks shed quartzo-feldspathic sands of arkosic 
character that accumulate in the adjacent linear troughs (Dickinson 
and Suczek, 1979; Dickinson, 1985). In such tectonic settings, a 
spectrum of lithic-poor quartzo-feldspathic sands form a roughly 
linear array on the Qt-F-L and Qm-F-Lt diagrams linking these 
sands with the craton derived quartzose sands that plot near the Qt 
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and Qm poles. However Qm-F-Lt plots of Lameta sandstones show 
that some points are located on the Qm-Lt leg of the diagram and 
generally lie in the transition zone between the facies of 
continental block provenances. The basement uplift may shed 
sands having affinity with detritus derived from recycled orogens 
provided erosion has been insufficient to remove the cover rocks 
overlying basement (Mack, 1984). This may explain the false 
signature of recycled orogen provenances in the case of sandstones 
of Lameta Formation. 
Therefore, from the foregoing discussion we can now 
reconstruct a plate-tectonic model for the tectonic setting of 
Lameta Formation. An incipient rift developed within the 
Precambrian granite-gneiss and schist which forms the basement. 
These rocks were deeply weathered under warm and humid climate 
during the Late Cretaceous, which destroyed most of the feldspar 
and other labile constituents. Thus quartz-rich detritus was shed 
into the Narmada rift. The relief of the provenance was low and 
erosion process were not strong enough to remove the cover rocks 
from the basement. 
This model also supports the paleogeographic 
reconstruction proposed by Chanda and Bhattacharya (1966)at the 
time of deposition of Lameta Formation. According to them the 
marine transgression which advanced through Narmada valley, 
96 
probably inundated much of the Jabalpurs in the east. Prior to this 
transgression, however, the Gondwanas of this region underwent 
some epeirogenic movements (Krishnan, 1953). The mildly 
positive areas thus produced, as well as the basin floor were 
largely occupied by the rocks of Jabalpur Group at least in the 
eastern and northern limits of the Lameta basin. Such mildly 
positive areas supplied a large part of the Lameta elastics which 
buried much of the intrabasinal Jabalpur Group, forming the basin 
floor. 
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INTRODUCTION 
Von Guembel (1868) was the first to visualize a set of 
transformations, independent of metamorphism. which change 
freshly deposited sediments into compact hard rock. It was later 
termed as "diagenesis". Such transformations comprise "all 
physico-chemical, bio-chemical and physical processes modifying 
sediments between deposition and lithification at low temperatures 
and pressures, characteristic of surface and near surface 
environments" (Chilingar et al., 1967). 
Diagenesis in clastic rocks is governed by many factors such 
as mineralogy, temperature, pressure, water composition, flow 
rates, dissolution and precipitation kinetics, availability of 
nucleation sites, porosity and penneability. A freshly deposited 
sand is a porous, non-equilibrium mixture of detrital minerals. 
Diagenetic processes tend to bring them towards equilibrium with 
the prevailing physico-chemical conditions. This is achieved by 
reduction of porosity through compaction and precipitation of 
stable authigenic cements or grains. Thus the principal diagenetic 
processes include compaction, cementation, authigenesis, 
recrystallisation, instrastratal solution and replacement. 
In the sandstones, diagenesis is controlled by many factors 
and processes such as texture, detrital composition, environment 
of deposition and associated lithologies. Locally, they control the 
migration of fluids and chemical potential of the system. On a 
regional scale, tectonic setting of the basin, geothermal gradient, 
rate and extent of deposition and basin subsidence play a 
significant role. In sandstones, the processes can be classified into 
two broad categories-physical and chemical diagenesis. Both these 
processes operate simultaneously in response to the surrounding 
stress field in order to restore chemical equilibrium. 
The physical diagenesis of the freshly deposited sand results 
in compaction of the sediments and pore volume reduction due to 
pressure. At the sediment water interface and at shallow level of 
burial, physical compaction take place by the process of grain 
rearrangement by rotation, slippage, ductile deformation and grain 
fracturing without dissolution at grain contacts (Houseknecht, 
1987). Continued physical compaction results in increase in 
number of contacts per grain, which passes into a regime of 
chemical compaction characterised by intergranular pressure 
solution, after considerable depth of burial. The increased 
geothermal gradient and pressure results in dissolution of grain 
contacts and change their nature from point to long and 
interpenetrative contacts. 
The chemical diagenesis includes reactions leading to 
chemical dissolution, corrosion and cementation. These reactions 
may start just after the deposition of sand and are controlled by 
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oxidation and reduction at sediment water/atmosphere interface. 
Chemical potential of sediments and pore water chemistry plays an 
important role in the removal of various unstable phases and 
precipitation of new stable phases in diagenetic regime. The 
process of cementation results in loss of porosity as it occludes the 
pore spaces but is reversible in contrast to loss by compaction 
which is irreversible. The cementing material may be carbonate, 
silica, iron oxide or clay minerals. The cementation process leads 
towards the precipitation of new minerals on the grains and into 
the voids from the pore fluids (saturated with either silica, 
ironoxide or clay minerals). The minerals get precipitated under 
suitable physico-chemical conditions. 
The two diagenetic processes bring about reduction in 
porosity and permeability, thus, enhancing the bulk density. The 
final porosity and permeability of a sandstone is, thus the result of 
depositional and post depositional diagenetic processes. The 
primary porosity, which depends on grain-size, sorting and amount 
of detrital quartz, undergoes significant changes as a result of 
change in post-depositional physico-chemical conditions. 
The present study embodies the diagenesis of the sandstones 
of Lameta Formation, with main focus on compaction, 
porosity reduction and cementation. This study was considered 
necessary in order to determine (i) their direct influence on the 
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diagenetic process and (ii) the time relationship. The relationship 
between the amount of cement and porosity on the one hand and 
compaction on the other, are a function of the degree of 
compaction of sediments. The stages of compaction when 
cementation occurred and the amount of porosity reduction as a 
result of compaction and ceinentation have also been considered. 
The types of cements in the sandstones of Lameta Formation 
were also studied. The thin sections of sandstones were stained 
with Alizarine Red "S" to differentiate and identify carbonate 
cement. 
Thirtyfour thin section of representative sandstone samples, 
were chosen for diagenetic studies which included the study of 
compaction, cementation and their role in the evolution of 
porosity. About 250 to 300 points were counted in each thin 
section. 
C O M P A C T I O N 
The reduction in the bulk volume of rock, called compaction, 
occurs in response to four classes of processes (in generally 
accepted order of importance): grain rearrangement, plastic 
deformation, dissolution and brittle deformation (Wilson and 
Stanton, 1994) 
The process of compaction results in the expulsion of pore 
fluids and reduction in pore volume due to the load of overburden 
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(Rittenhouse, 1971: Fuchtbauer, 1967; Chilingarian, 1983). Ihis 
may also cause some degree of crushing of soft pelitic rock 
fragments resulting in the formation of pseudomatrix. Compaction 
may, thus, modify the original framework composition of a 
sandstone which may be liable to misinterpretation. 
In sandstones compaction is in fact controlled by myriad of 
factors which include inherent grain properties, mass properties, 
fluid and basinal dynamics, tectonics, rate of sedimentation and 
burial and time. It proceeds through mechanical compaction of 
grain, rearrangement to chemical compaction in which dissolution 
and interpenetration of adjacent grains aided by geothermal 
gradient takes place. Being dominant mechanism of porosity loss, 
the role played by cementation and compaction is important to 
reservoir quality. The pre-cementational compaction too sets the 
trend of future pattern of fluid flow. 
The mechanical and chemical compaction of freshly 
deposited sands and its continuation through time during the burial 
of the sand and lithogenesis results in volume reduction and 
packing. The latter denotes the spatial relationship between the 
grains in terms of contact and closeness. 
Taylor (1950) identified four types of grain to grain contacts 
in the plane of thin sections. Tangential or point (P) contact, long 
contact (L) as a line, concavo-convex (C) contact as curve line and 
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sutured (S) contact as serrated interfingering contact. In a loosely 
packed sandstone some grains may not make any contact with 
other grains, such grains are referred to as floating grains (F). 
Compaction changes the nature of grain contact and increased 
number of long and interpretative contacts (C.S) appear at the 
expense of floating grains and point contacts(F,P). 
The aggregate properties of compaction can be studied by 
estimating the proximity, density and nearness of grains and the 
number of contacts a grain is having with the adjacent ones. 
The sandstones of Lameta Formation were studied for their 
grain contacts and percentages of various types of contact were 
determined sample wise. Packing was expressed in terms of 
contact index (CI), which corresponds to the average number of 
contacts per grain. This parameter was first used by Taylor (1950). 
It was found that the sandstones studied have abundant 
floating grains (Plate IVA) followed by point contact (Plate IVB), 
in turn followed by long, curved and sutured contacts (Plate IVC) 
(Table 11). Taylor considered floating and point contacts 
to represent original packing. The long contacts result from 
little pressure and precipitated cement. High degree of 
compaction results in pressure solution giving rise to 
concavo-convex (Plate IVD). This is indicative of less 
PLATE IV 
( A ) ( B ) 
(C) (D) 
( E ) 
PLATE-IV 
Photomicrographs of the sandstones of Lameta Formation, 
Jabalpur area, Madhya Pradesh. 
A. Floating grains in the sandstones of Lameta Formation-
lOOX. 
B. Point contacts in the sandstone of Lameta Formation-lOOX. 
C. Long, curved and sutured contacts in sandstones of Lameta 
Formation-lOOX. 
D. Concavo-convex contact in the sandstones of Lameta 
Formation-lOOX 
E. Muscovite flakes showing slight compaction effect-lOOX. 
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compaction and pressure solution due to shallow burial or early 
cementation (Plate IVE). 
The porosity loss by compaction can be quantified using the 
formulae given by Houseknecht (1987) and by Lundegard (1991). 
According to Houseknecht's formula compaction loss was 
calculated taking simple difference between assumed initial 
porosity and existing porosity plus cement. According to 
Lundegard's formula the effects of compaction and sediment bulk 
volume were taken into account. The latter appears to be more 
reliable and has been used by the author to quantify the 
compactional porosity loss (COPL). 
COPL-Pi-[(100-Pi)xPmc]/(100-Pmc)] 
Where 'Pi ' is the depositional porosity 'Pmc' is the minus cement 
porosity defined as a sum of total cement and optical porosity i.e. 
the existing porosity. 
For estimating the compactional loss of porosity of these 
rocks, the initial depositional porosity or initial porosity for the 
studied sandstones were assumed as 45%. On an average, porosity 
loss due to compaction range from 6.78 to 32.10 (Table 12), 
thereby, indicating that compaction was not a predominant factor 
in primary porosity reduction, though initial porosity may have 
been higher. The depositional C.I. values of Atkins and McBride 
(1992) for different depositional environments such as beach, 
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fluvial and aeolian sands are 0.79, 0.91 and 1.02, respectively. 
Compared to these, the initial packing and low C.l. values for 
these sandstones suggests a low degree of compaction. The 
average C.I. value of Lameta sandstones is 0.62 (Table 1 1). 
The relative extent of compaction before and after large 
scale cementation can well be adjudged by the values of the 
average minus cement porosity which also includes matrix here. 
These values for sandstones of Lameta Formation average at 
33.64% ranging from 19.00 to 41.00 (Table 12). 
CEMENTATION 
Cementation is the process whereby new minerals are 
precipitated as syntaxial overgrowth in detrital ' seeds ' or as 
authigenic phases into the pore spaces from intraformational 
fluids. The cements are normally considered to cause loss of 
porosity but dissolution and leaching of cements may give rise to 
secondary porosity in contrast to porosity loss due to compaction 
which is irreversible. The timing of cementation events are of 
much importance, specially quartz cements which may stablise the 
framework. 
The role of cement in porosity reduction was estimated 
quantitatively by employing the formula given by Lundegard 
(1991). Cementation porosity loss (CEPL). 
CEPL=Pi-COPLx(C/Pmc) 
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Where 'Pi" is the initial Porosity. 'COPL' porosity loss due to 
compaction, "c" total cement and Pmc is minus cement porosity. 
In most of the samples studied the cement and matrix have 
played a major role in reducing the depositional porosity. The 
average CEPL ranges from 18.19 to 39.1 1 (Table 12). 
Three types of cements identified in the Lameta sandstones 
include silica, iron oxide and carbonate. 
Silica cement 
The Silica cement occurs in the form of quartz overgrowth 
on subrounded quartz grains floating in iron oxide cement (Plate 
VA) as well as microcrystalline chalcedony (Plate VB), which fill 
up the pore spaces. The chalcedonic cement exhibit two stages of 
its generation in form of rings around the grains and nucleated in 
the centre of pore spaces. The silica overgrowth develops due to 
precipitation from aqueous solution, in optical continuity with the 
grains, partially filling the intergranular spaces. 
The source of silica cement may be the descending meteoric 
water saturated with silica or pressure solution of detrital quartz 
and other silicates at grain contacts. The conversion of clay 
minerals during diagenesis and decomposition or alternation of 
feldspars, may release silica saturated solutions. Such solutions 
may also be produced by hydration and leaching of volcanic glass. 
Chalcedony precipitate rapidly from concentrated solution of 
PLATE V 
(C) (D) 
( E ) 
PLATE-V 
Photomicrographs of the sandstones of Lameta Formation, 
Jabalpur area, Madhya Pradesh. 
A. Quartz overgrowth on subrounded grains floating in iron 
oxide cement in the sandstones of Lameta Formation-1 OOX. 
B. Microcrystalline chalcedony in the sandstones of Lameta 
Formation-lOOX. 
C. Quartz grains corroded by iron oxide cement in the 
sandstones of Lameta Formation-lOOX, uncrossed. 
D. Quartz grain being corroded and replaced by calcite in the 
sandstones of Lameta Formation-lOOX. 
E. Calcite filling the microfractures in the sandstones of 
Lameta Formation-lOOX. 
F. Calcite filling the voids left in between chalcedonic cement 
rings and quartz grains in the sandstones of Lameta 
Formation-lOOX. 
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silica, whereas in the latter stage megaquartz crystallize slowly 
from dilute solution (Versey, 1939). 
Iron oxide cement 
The precipitation of iron oxide from iron-saturated solution 
is governed by Eh and pH of the environment which controls the 
precipitation of varieties of iron-bearing minerals. The problem of 
source, transportation and precipitation of iron have been 
discussed by various workers. Drever (1974) suggested 
precipitation of iron from marine water as a result of upwelling of 
bottom water into oxidizing environment. While Gross (1980) and 
Simonson (1985) considered iron formation as primarily 
exhalative or hydrothermal in origin. These may also form after 
significant diagenesis where the interstratal solution alter iron-
bearing mafic minerals precipitating subsequently into the 
interstices under favourable Eh and pH environment (Walker, 
1974). 
Iron-oxide cement occurs as thin coating around detrital 
grains as well as in the pore spaces, which sometimes shows 
patchy distribution. Some of the quartz grains are corroded and 
enveloped by Iron oxide cement (Plate VC) of detrital grains. 
Thin iron coating on grains is possibly inherited from source 
rocks and the corroded quartz grains suggest the presence of an 
earlier calcite cement which was replaced by iron oxide. 
ii: 
Carbonate cement 
The sandstones of Lameta Formation are commonly 
cemented with carbonate. The source of carbonate may be biogenic 
or early marine carbonate precipitated during the period of slow 
sedimentation. Thus carbonate cement is introduced from outside 
the sandstone sequence. 
Very little carbonate may precipitate from pore water 
without the dissolution of other carbonate minerals. The initial 
carbonate distribution is facies controlled. The calcite cement 
formed during deep burial by dissolution and reprecipitation 
represent redistributed carbonate which was buried with the 
sandstones. 
The sandstones of the area contain carbonate cement in the 
form of blocky sparry calcite and microcrystalline calcite some of 
the quartz grains have been corroded and replaced by calcite (Plate 
VD). The later also fill the microfractures (Plate VE) and voids 
left in between chalcedonic cement rings and the quartz grains 
(Plate VF) in some of the samples while recrystailisation of calcite 
in others form a rim around detrital grains. 
DEPTH OF BURIAL 
Several workers (Atwater and Miller, 1965; McCulloh, 1967; 
Lapinskaya and Preshpyakove, 1971; Selley, 1978), on the basis of 
laboratory and field experiments, have estimated the depth 
14 
of burial of sandstones by plotting average minus-cement porosity 
of the sandstones on standard burial depth versus minus cement 
porosity graphs. These plots were employed for estimation of 
depth of burial of the sandstones of Lameta Formation. The 
average minus cement porosity plotted on standard graphs (Figure 
17) suggests the depth of burial of Lameta sandstones to be about 
1000m to 1600m (Table 13). 
Table 13 Interpreted depth of burial of the sandstones of 
Lameta Formation, Jabalpur Area (Madhya Pradesh) 
Depth of burial vs. Minus cement porosity 
McCulloh (1967) 
Lapinskaya and Preshpyakove (1971) 
Selley (1978) 
Atwater and Miller (1965) 
Meter 
(m) 
1290 
1080 
1000 
1600 
Feet 
(ft) 
4300 
3600 
3280 
5248 
115 
MCP 
0 50 100 
1 ' ' 1 ( / 
~ 1 / 1— 
UJ 
UJ 
- 5000 
_) 
< 
CC 
5 
u. 
° 10000 
1-
Q. 
UJ 
o 
IBOOOL 
/ - - U n d e r Study 
I ^ Av.P = 32 .79% 
- ^ / t o 1 
?l 
n ^ / 
^1 
^^/ 
o 
s i 
1 / 1 
j 
i 
MCP 
0 10 20 30 iO 
'—• 1 
*-
S 2000 
u. 
< 4000 
cr 
rD 
m 
u. 6000 
o 
X 
(— 0- 8 000 
UJ 
o 
-
. 
10000 1 
• • ' . ^ ' 
O ) / 
'^ / 
o / 
^ / ^ ^ U n d e r Study 
^ / Av.Pz: 32.79% 
<0 / 
c / Q . / 
<w/ 
< o / 
c / 
* l / 
o / 
^/ / 
10 
MCP 
20 
1000 -
LJ 
(Y 
LLl 
_ 1 
< 
OQ 
U . 
o 
I 
a. 
UJ 
Q 
1000 
3000 
4000 
5000 
5000 
30 40 
-
~ 
— 
-
• 1 • I 
Selley 
11978) . 
1 -y 
/ / U n d e r 
/ Study 
/ A V . P = 3 2 . 7 9 
/ AtwQter 
and Mi l ler 
(1965) 
Figure 17 Average minus cement porosity of the sandstones of Lameta 
Formation plotted on depth of burial vs. minus cement porosity graphs. 
Chapter-VII 
icmj acms 
a. md 
Ueposiiiomd 'SWiTomMe, 
§ 
m 
INTRODUCTION 
Microfacies analysis involves petrographic study of 
carbonate rocks under the microscope. It is the most important of 
the various levels of observation possible in the broad field of 
carbonate petrography. The analysis helps in the interpretation of 
depositional environment through identification of different 
carbonate particles, which form and grow in different depositional 
and diagenetic environments. This interpretation becomes 
meaningful when petrography is combined with detailed 
stratigraphic control. Comparison is then made with depositional 
models constructed on the basis of the study of Holocene 
sediments. 
The concept of depositional interpretation of microfacies 
was evolved by Cuvillier and Schurmann (1951-1969). During this 
period an excellent review of the importance of the concept was 
published by Fairbridge (1954). Earlier works on carbonate 
microfacies employed, mainly, the paleontological criteria. Flugel 
(1972) added sedimentological criteria to the basic paleontological 
approach and described several basic types of microfacies. 
Excellent illustrations of some of the basic microfacies were given 
by Horowitz and Potter (1971). 
The present petrographic study of carbonate rocks of Lameta 
Formation carried out through thin-section analysis, mainly 
concern the microfacies analysis as well as their textural, 
compositional and diagenetic characteristics. The samples were 
stained with Alizarin Red 'S" following Friedman's (1959) 
technique for differentiating calcite and dolomite. 
MAJOR TEXTURAL CONSTITUENTS 
The major constituents of carbonates can be divided into 
allochems (framework grains), sparry calcite and micrite (Folk, 
1962). The framework grains comprise bioclasts, ooids and 
intraclasts. Terrigenous admixture is present in most of the 
samples. 
Bioclasts 
Bioclasts are extremely rare in the Lameta Formation and 
that too as ghosts due to dolomitization. The various types of 
bioclasts that have been identified include, ostracods, gastropods, 
calcispheres and algae. 
Ostracods 
Ostracods and their fragments occur in the Lower Limestone 
member of Lameta Formation at the Pat Baba and Lameta Ghat 
localities of Jabalpur area. The Ostracod fossil occurs in fine dark 
carbonate mud matrix and is internally filled by micrite. 
Gastropods 
Gastropod shells are easily identifiable by their 
characteristic outlines. The fragments and individual chambers 
have been reported from the Lower Limestone member at the Chui 
Hill locality. The chambers are separated by dark fine-grained 
micrite walls and are internally filled by micrite (Plate VIA). 
Calcispheres 
Calcispheres have been found in the Lower Limestone 
member fYom the Lameta Ghat locality. They are confined to a 
single bed and occur as small spherical to oval bodies filled with 
drusty cement (Plate VIB). 
Foramenifera 
The 'ghosts ' of foramenifera occur in the Lower Limestone 
bed at the Lameta Ghat locality. They represent miliolids (?) 
whose chambers are filled with micrite. The chambers are 
separated by thin micrite walls. 
Algae 
Algae occur in both the Lower and Upper Limestones and 
form their major constituent. Thin section study reveal an algal 
mat (Plate VIC,D) structure in the Lower Limestone and algal 
fragments in the Upper Limestone (Plate VIE). The algal mat 
embed a number of quartz grains and intraclasts of different sizes. 
However, due to recrystallization to fine-grained dolomite most of 
the original structures have mostly been masked. 
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PLATE V I 
( A ) (B) 
( C ) (D) 
(E) 
PLATE-VI 
Photomicrographs of the limestones of Lameta Formation, 
Jabalpur area, Madhya Pradesh. 
A. Gastropod chambers separated by dark fine-grained micrite 
wall internally filled by micrite (Pat baba)-100X. 
B. Probable calcispheres filled by drusty cement in the 
limestones of Lameta Formation (Sivni ToIa)-100X. 
C. Algal mat in the limestone of Lameta Formation (Sivni 
Tola)-100X. 
D. Algal mat in the limestone of Lameta Formation (Sivni 
Tola)-100X. 
E. Algal fragment in the limestone of Lameta Formation 
(Lameta Ghat)-100X. 
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Non-skeletal grains 
Non-skeletal carbonate grains are those which are not of 
biogenic origin. In the Lameta Formation ooids and intraclasts 
constitute non-skeletal grains. 
Ooids 
Thin sections reveal ooids in the Lower Limestone of at the 
Lameta Ghat section. These have been replaced by dolomite 
resulting in masking of the original ring and radial structure (Plate 
VIIA). However, some of these ooids display partially radial-
concentric structure. The nuclei of these ooids are generally 
micrite grains ( Plate VIIB,C). Chanda (1967) has also reported 
scanty ooids in the limestone from Lameta Ghat section. 
Intraclasts 
Intraclasts are fragments of penecontemporaneous, generally 
weakly consolidated, carbonate sediment that have been eroded 
from adjoining parts of sea bottom and redeposited to form new 
sediment (Folk, 1962). They have firm boundaries with rounded 
outline indicating that they originated in a high energy 
environment from erosion of already lithified carbonate sediments. 
They are thought to form usually by low tides allowing wane 
attack on exposed, mud cracked carbonate flats. The intraclasts in 
the limestones occur as encrusted lumps (Plate VIID). 
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PLATE V I I 
( A ) (B) 
(C) (D) 
PLATE-VII 
Photomicrographs of the limestones of Lameta Formation, 
Jabalpur area, Madhya Pradesh. 
A. Ooids masked due to dolomitization in the Lameta Formation 
(Lameta Ghat)-100X. 
B. Ooids with concentric rings in the limestone of Lameta 
Formation (Lameta Ghat)-100X. 
C. Ooids with concentric rings in the limestone of Lameta 
Formation (Lameta Ghat)-100X. 
D. Encrusted lump in the limestone of Lameta Formation (Bara 
Simla)-100X. 
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Sparry Calcite 
This type of calcite generally forms grains or crystals of 10 
micron size or more and is distinguished from microcrystalline 
calcite by its clarity as well as coarser crystal size (Folk, 1962). 
Bathurst (1971) distinguished sparry calcite by the intercrystalline 
boundaries in the sparry mosaic which are made up of plane 
interfaces and characterized by enfacial junctions. In the studied 
carbonate rocks sparry calcite occurs as pore-fillings and as rims 
along the grains of quartz. 
Micrite 
Micrite is a microcrystalline calcite material finer than 4 
micron (Folk, 1962). Micrite is thought to form by rapid chemical 
or biological precipitation of aragonite ooze and its subsequent 
recrystallisation and inversion to calcite. Leighton and Pendexter 
(1962) defined micrite as consisting of particles less than 
approximately 31 microns. Bissel and Chilingar (1967) employed 
the term "micrite" for material, whether crystalline or fine 
grained, which is 50 micron or smaller in diameter. In the present 
study Leighton and Pendexter's definition has been followed. 
DESCRIPTION OF MICROFACIES 
On the basis of thin section studies of the carbonate rocks 
different microfacies were identified. The basis of microfacies i.s 
12: 
the dominant textural constituents. The microfacies identified are 
as follows: 
1) Micrite 
2) Dismicrite 
3) Dolo-oosparite 
4) Intramicrite 
5) Biomicrite 
a) Calcisphere bearing micrite 
b) Ostracod bearing micrite 
c) Gastropod bearing micrite 
d) Algal micrite 
1) Micrite 
This microfacies occurs in the lower part of the Lameta 
Formation. It consists of homogenous and structureless aggregate 
of microcrystalline calcite grains less than 31 microns in size. 
They appear subtranslucent and brownish in low magnification but 
under high magnification individual grains can be discerned and 
appear irregularly round and equant. 
2) Dismicrite 
This microfacies is also confined to the lower part of the 
Lameta Formation. It is composed mainly of micrite with minor 
amount of spar developed in patches (fenestral fabric). The 
terrigenous content present in this microfacies is mostly quartz 
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grains. Calcite is also present occasionally as thin streaks of 
irregular shape. 
3) Dolo-oosparite 
This microfacies was encountered in the Lower Limestone 
beds of Lameta Ghat section. The whole rock has been partially 
dolomitized resulting in the masking of the internal structure of 
the ooids. However, in one thin-section a number of ooids are 
preserved displaying radial-concentric structure. The surrounding 
sediment is also dolomitized. 
4) Intramicrite 
This microfacies occurs in the carbonate rocks of Chui Hill 
and Bara Simla. The microfacies comprise mainly micrite with a 
few large to small grains of intraclasts. The latter are also micritic 
but appear darker in comparison to surrounding matrix. These 
resemble the encrusted lumps of aggregate grain types. 
5) Biomicrite 
This microfacies occurs in the upper part of the Lameta 
Formation. The microfacies comprise mainly micrite. The other 
minor constituents include terrrigenous admixture, bioclasts and 
spar. 
Micrite is homogeneous and does not show pelleting or 
clotting. It is occasionally recrystallized to microspar. Terrigenous 
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admixture is of fine sand to silt size. The following sub-facies 
have been identified in this facies. 
a) Calcisphere bearing biomicrite 
This occurs in the lower part of the Lameta Formation. It 
contains mainly micrite and minor bioclasts with small amount of 
quartz. 
The micrite grains are generally less than 10 microns in size. 
The bioclast comprise calcispheres and a few unidentified 
bioclasts. Calcispheres present are mostly of unwalled variety and 
are recrystallized ranging in size from medium silt to fine sand. 
Terrigenous admixture, mainly quartz, occurs as medium to coarse 
silt size particles. 
b) Ostracod bearing biomicrite 
This microfacies occurs in the lower part of the Lameta 
Formation. It has been identified in the Pat Baba and Lameta Ghat 
areas. The microfacies consists of dominant micrite and ostracods 
with small amount of quartz silt. 
The micrite is homogenous and structureless. Ostracods 
occur as disarticulated valves with recurved margins. Terrigenous 
admixture is mainly quartz silt. 
c) Gastropod bearing biomicrite 
This occurs in the lower part of the Lameta Formation. It is 
composed mainly of micrite, bioclasts and minor amount of 
terrigenous admixture. 
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The gastropods are preserved as single chambers filled with 
micrite and mostly replaced by dolomitization. The terrigenous 
mixture present is in the form of quartz silt. 
d) Algal micrite 
This microfacies occurs in the Lameta Ghat and Chui Hill 
sections. It has mainly micrite. algal mats and fragments and 
minor amount of terrigenous admixture. 
The algae are mainly in the form of algal encrustations. The 
terrigenous admixture present is in the form of quartz silt or fine 
sand size. 
D E P O S I T I O N A L E N V I R O N M E N T S 
The microfacies identified in the present study point to the 
possibility that both the limestone units of the Lameta Formation 
represent algal boundstones. The evidence of the presence of other 
biota including calcispheres. gastropods, ostracods and doubtful 
foraminifera (? Miliolids) reflect deposition in shallow marine 
conditions. Chanda (1967) is also of the opinion that both the 
limestone units of the Lameta Formation were deposited in 
shallow water conditions since algae present in these limestones 
require sunlight for photosynthesis. Though algae can flourish 
upto a water depth of about 70 m. however, they are prolific in 
shallower parts of the shelf. The evidences of reworking of the 
limeclasts (rounded to well rounded intraciasts) and their 
oxidation suggest shallow water conditions for their genesis. 
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Shallow water conditions are also reflected by the presence of 
ooids in one of the samples of these limestones. Chanda (1967) 
also reported one grain of oolite from these limestones. 
Association of terrigenous quartz fragments in the algal mats 
suggests that these were trapped by the living algae during their 
input in the basin. 
Micrites are mostly' cryptocrystalline and partially replaced 
by sparry calcite or cryptocrystalline dolomite. The fenestral 
fabric developed in these micrites suggest their deposition in the 
inter-tidal and subtidal environments whose sediments are prone to 
such diagenetic changes during intermittent subaerial exposure of 
the deposition substratum. Bathurst (1980) suggested the origin of 
fenestral fabric as a result of cementation and subsequent 
deformation and reworking of a succession of submarine crusts, 
which results in the development of the cavities in the 
intercalated, less cemented carbonate muds. Presence of crinkly-
laminate algal mats and millimeter thick laminates and typical 
feeding and protective burrows also reflect the subtidal 
environments. These environments are also characterized by the 
presence of large-scale erosion channels of various depths as have 
been observed by Chanda (1967) in the limestones of the Lameta 
Formation. 
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Carbonate aggregate grains first observed in Bahamas (Illing, 
1954) are known to be of three types, i.e., grapestones, 
botroyoidal lumps and encrusted lumps. Similar "encrusted lumps" 
occur in the Lameta Formation. These lumps have smoother outer 
surface and internal voids. Presence of extensively bored and 
micritised grain aggregates suggests agglutination of carbonate 
grains by Mg-calcite formed by encrusting organisms (miliolid and 
opthalmid foraminifera, etc.) and Mg-calcite formed in the 
mucilinage sheaths of Cyanophyceae living on the substrate 
(Flugel, 1982). Under prolonged calm conditions, subtidal algal 
mats cover these aggregate grains and result in the precipitation of 
micritic cement by boring algae. The genesis of aggregate grains 
takes place in the subtidal and inter-tidal shallow-water 
environments with restricted circulation, about 10 m water depth 
(Flugel, 1982). Presence of ooids suggests a change of high water 
energy to weak turbulance or a general change in sedimentary 
conditions (e.g., Winland and Mathews, 1974).Present analogues 
of aggregate grain lumps occur in shallow brackish water of the 
tidal zones (Monty, 1967). 
On the basis of the study of microfacies and textural 
elements, it is suggested that these limestones were formed under 
varying hydrodynamic conditions of shallow marine environments. 
These environments represent inter-tidal and subtidal conditions. 
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however, these appear to have been intermittently switched over to 
the calm water conditions favouring formation of aggregate grains 
or to highly agitated environment favouring ooids formation. 
130 
Chapter-VIII 
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S U M M A R Y AND CONCLUSIONS 
The different stages of evolution of the Indian plate during 
the Mesozoic times led to the development of a number of rift 
basins along the western margin of the Indian Craton. which 
included the Late Cretaceous Narmada basin. 
A number of rock exposures of Late Cretaceous Lameta 
Formation (Maastrichtian) are found throughout the Narmada 
Valley in patches and in the .labalpur area as isolated hills as well 
as along the course of the Narmada River.They are made up of 
sandstones, limestones and sandy limestones. 
The present study aims at reconstructing the provenance, 
plate-tectonic setting and depositional environment of the Lameta 
Formation in and around .labalpur. The study is based mainly on 
the field and petrofacies analysis. A critical appraisal of the 
factors of climate and transport that influence detrital mineralogy 
of the sandstones provide help in the interpretation of the 
provenance. Microfacies analysis of the carbonate rocks was also 
carried out in order to interpret their depositional environment. 
During the course of fieldwork several outcrops of Lameta 
Formation were examined in and around Jabalpur and samples of 
sandstones and carbonates were collected. Seventy thin sections of 
sandstones and thirty seven thin sections of limestones were 
prepared for petrographic study. 
The textual attributes of the sandstones of Lameta Formation 
such as grain size, roundness and sphericity and textural maturity 
were studied with a view to interpret their provenance and also 
estimating the influence of texture on detrital modes and 
petrofacies. Bivariant plots were used to find out 
interrelationships of various textural attributes. Statistical 
parameters of grain-size were computed with the help of 
cumulative frequency curves and formulae according to the 
method of Folk (1980). 
The sandstones are mostly fine (63%) to medium grained 
(31%), moderately sorted (51%) to moderately well sorted (21%) 
and near symmetrical (37%) to coarse skewed (36%). 
The roundness of the grains is generally subangular to 
subrounded. The detrital particles are mainly of low sphericity. 
The sandstones were classified according to their textural 
maturity and are immature to submature. 
Bivariant plots of various textural parameters reveal a 
decrease in size accompanied by increase in sorting, roundness and 
sphericity. Moreover, decrease in sorting is attended by decrease 
in both roundness and sphericity. Thus the interrelationship 
between various textural parameters appears to be normal thereby 
indicating that the original texture of the sediments is largely 
preserved and has not been affected by diagenetic processes. It 
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further implies that since the original texture is preserved, original 
detrital composition of the sandstones is also not affected by later 
changes. 
The detrital composition of the sandstones of Lameta 
Formation was evaluated both qualitatively and quantitatively for 
the purpose of classifying sandstones and for interpreting their 
provenance. Detrital quartz is the predominant constituent of all 
the sandstones, which on closer examination are found to be quartz 
arenite. The average composition of the sandstones is quartz, 
98.23%; feldspar, 1.15%, mica, 0.34 and rock fragments, 0.28%. 
Among detrital quartz, those of igneous origin predominate 
in the sandstones, the remaining belong to recrystallised 
metamorphic and stretched metamorphic source. Rock fragments 
include chert, schist and shale. The feldspars are scarce in 
sandstones, and when present are mainly microcline. The grains of 
mica belong to both muscovite and biotite. The heavy minerals 
contain the opaques, epidote, tourmaline, zircon, garnet, rutile, 
staurolite, tremolite-actinolite and biotite. 
The factors of paleoclimate and distance of transport 
influence the detrital mineralogy of the sandstones.The latter are 
related to provenance and petrofacies. 
The paleogeographic reconstruction of the Narmada basin 
suggests that the provenance of the Lameta Formation was located 
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towards the northeast or cast, a few hundred kilometers from the 
study area. The Precambrian metasedimentary rocks and granite-
gneisses of Mahakoshal Group probably acted as the provenance 
for the Lameta Formation. 
The sand size sediments of the Lameta Formation, probably, 
have undergone transportation to a distance of a few hundred 
kilometers. One of the causes of feldspar deficiency may be its 
destruction by abrasion during transportation. Insufficient sorting 
and roundness of the sediments suggests that transportation 
process was not effective and is not solely responsible for the high 
compositional maturity of the sandstones of Lameta Formation. 
Warm and humid climate prevailed during the Late 
Cretaceous period in the area. Therefore, the Precambrian 
basement rocks which provided sediments to the Narmada basin 
might have undergone vigorous weathering under humid tropical 
conditions resulting in destruction of much of the feldspars and 
labile constituents. Therefore, paleoclimate was a leading factor in 
the modification of highly quartzose sandstones of the Lameta 
Formation. 
The plate-tectonic setting and provenance of the sandstones 
were interpreted with the help of Dickinson's (1985) method of 
recognizing the detrital modes and plotting them on standard Qt-F-
L, Qm-F-Lt Qp-Lv-Ls and Qn,-P-K triangular diagrams. The 
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average percentages of detrital modes in the Lameta Formation are 
Qm, 96.76; Qp, 1.81; F, 1.15 and Ls, 0.28. The petrofacies 
analysis of the Lameta Formation suggests a continental block 
provenance with source on stable craton that supplied detritus to 
the Narmada rift. The detritus was deeply weathered because of 
their long residence time in soil. The fault bounded basement 
uplift along incipient rift belts within the continental block, 
generally, sheds arkosic sands into the adjacent basin. But 
deposition of quartz-rich detritus into the Narmada rift, most 
probably, was influenced by warm and humid climate, low relief 
and long residence time in soil. 
The data were also plotted on the provenance discrimination 
diagram (Basu et al.. 1975) which indicates a plutonic source for 
these sandstones. 
The chemically precipitated cements include carbonate, 
silica and iron-oxide in order of abundance. The calcite cement 
occurs in the form of coatings around detrital grains as well as 
fracture and pore fillings. The silica cement occurs in the form of 
overgrowth on detrital quartz grains as well as pore fillings in the 
form of microcrystalline chert. The iron-oxide cement occurs in 
the form of coating around detrital grains and show replacement 
and corrosion of detrital grains. In general, cementing materials 
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are clearly distinguishable from detrital components and the 
former have not modified the latter except in some patches. 
In order to evaluate the degree of compaction in sandstones, 
their grain to grain contacts were recognized and counted. 
However, the floating grain and point and long contacts are 
dominant in sandstones indicating more or less uncompacted fabric 
causing the original texture and packing to be largely preserved. 
For estimating the depth of burial of the sandstones, the 
average minus cement porosity was plotted on standard burial 
depth against minus-cement porosity by several workers. The 
depth of burial determined for the Lameta Formation is 1000m to 
1600m. 
Microfacies analysis of the limestones of Lameta Formation 
was carried out in order to interpret their depositional 
environment. The study points out that both the limestone units 
represent algal boundstones. 
On the basis of above it could be inferred that these 
limestones were formed under varying hydrodynamic conditions of 
shallow marine environment, represented by inter-tidal and 
subtidal conditions. 
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